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Abstract 


Vegetational  data  were  collected  from  the  Lincoln  National  Forest, 
New  Mexico,  to  develop  a  forest  habitat  classification  based  on  poten- 
tial natural  vegetation.  There  are  13  habitat  types  and,  in  addition, 
several  phases  identified  on  the  Lincoln  National  Forest;  8  were  pre- 
viously classified  by  Moir  and  Ludv^dg  (1979),  and  5  by  this  study.  The 
13  habitat  types  represent  6  climax  forest  series:  Abies  lasiocarpa, 
Picea  engeJmannii,  Picea  pungens,  Abies  concoJor,  Pseudotsuga  men- 
ziesii,  and  Pinus  ponderosa.  Each  habitat  type  is  described  according 
to  vegetational  composition,  topographical  occurrence,  soils  informa- 
tion (when  known),  ecotones,  adjacent  habitat  types,  and  general 
features. 
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A  Classification  of  Forest  Habitat  Types  of  the 
Lincoln  National  Forest,  New  Mexico 


Billy  G.  Alexander,  Jr.,  Frank  Ronco,  Jr.,  E.  Lee  Fitzhugh, 
and  John  A.  Ludwig 


INTRODUCTION 

This  vegetational  classification  of  forest  habitat  types 
for  the  Lincoln  National  Forest  is  applicable  to  all 
climax  forest  series  from  the  low-elevation  ponderosa 
pine  to  the  high  spruce-fir.  It  is  based  on  the  concept  of 
potential  natural  vegetation.  The  habitat  types  de- 
scribed here  are  believed  to  represent  forests  in  a 
mature,  nondisturbed  condition  or  climax  state. 

Site  classification  is  important  from  a  management 
standpoint  because  it  helps  to  provide  a  crucial  under- 
standing of  the  ecological  aspects  of  Southwestern  for- 
ests. It  also  provides  an  organizational  step  in  predicting 
ecological  responses  to  forest  treatments.' Forest  classif- 
ication based  on  potential  natural  vegetation  is  relative- 
ly new  to  the  Southwest.  Previous  classification  work  on 
the  Lincoln  National  Forest  by  Moir  and  Ludvdg  (1979) 
identified  ten  mixed  conifer  and  spruce-fir  forest  types. 
Dye  and  Moir  (1977)  described  the  compositional 
elements  of  a  spruce-fir  forest  near  Sierra  Blanca  Peak 
on  the  Lincoln  National  Forest.  Their  study  showed  pos- 
sible similarities  between  the  southern  and  northern 
spruce-fir  forests  in  the  Rocky  Mountains.  Hanks  and 
Dick-Peddie  (1974)  studied  successional  trends  in  the 
White  Mountains,  a  prominent  range  of  mountains  on 
the  Lincoln,  and  identified  various  stages  of  succession 
after  disturbance.  Hanks  (1966)  presents  a  somewhat 
more  basic  synthesis  of  a  similar  nature. 

In  addition  to  developing  a  forest  habitat  type  classifi- 
cation for  the  Lincoln  National  Forest,  this  study  also 
involved  three  other  objectives:  (1)  to  test  previous  classif- 
ication work  by  Moir  and  Ludwig  (1979),  (2)  to  clarify  suc- 
cessional trends,  and  (3)  to  propose  management  appli- 
cations. Although  some  management  implications  may  be 
inferred,  or  explicitly  stated,  from  the  habitat  type 
descriptions,  full  development  of  this  subject  must  await 
future  studies  and  summaries  of  existing  information. 

Although  the  terminology  used  in  this  paper  is  com- 
monly accepted  and  follows  that  of  Daubenmire  (1968), 
who  presents  a  comprehensive  discussion  of  ter- 
minology, the  following  terms  are  defined  for  emphasis. 
A  plant  association  is  the  dominant  plant  community 
representing  potential  natural  vegetation,  which  is  the 
climax  vegetation  existing  on  a  site  after  natural  succes- 
sion has  occurred  in  the  absence  of  disturbance.  All  the 
areas  that  are  capable  of  supporting  the  same  plant 
association  are  termed  a  habitat  type  (HT),  while  a 
phase  (P)  is  a  subdivision  of  the  habitat  type  based  on 
the  presence  or  abundance  of  an  indicator  species. 


STUDY  AREA 

The  Lincoln  National  Forest,  located  in  south-central 
New  Mexico,  contains  some  of  the  southernmost  exten- 
sive stands  of  forest  in  the  western  United  States.  The 
Forest  lies  east  of  the  Rio  Grande  River,  west  of  the 
Texas  High  Plains,  south  of  the  contiguous  Rocky  Moun- 
tains, and  north  of  the  Chihuahuan  Desert  (fig.  1).  It  is 
distinct  from  the  Colorado  Plateau,  and  lies  in  an  area 
that  is  heavily  faulted.  As  vdth  many  Southwestern 
mountains,  those  on  the  Lincoln  National  Forest  are  sur- 
rounded by  desert  or  grassland,  and  can  be  character- 
ized as  biogeographical  islands.  This  isolation  has 
special  importance  in  comparing  vegetation  character- 
istics between  forests  of  the  Southwest  (Shreve  1922), 
and  apparently  has  led  to  speciation  and  endemic 
ecological  types  in  the  southwestern  United  States. 

Geography.— The  Lincoln  National  Forest  is  divided 
into  fragmented  mountain  ranges,  resulting  in  a  mosaic 
of  isolated  forests  separated  by  treeless  zones.  Further- 
more, differences  between  these  fragmented  mountains 
and  areas  outside  the  Lincoln  National  Forest  appear  to 
be  greater  than  differences  within. "  Thus,  a  regional 
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Figure  1.— Location  of  the  Lincoln  National  Forest  in  the  State  of 
New  Mexico. 


1 


identity  is  established  for  the  Forest  as  far  as  vegeta- 
tional  habitats  are  concerned.  Four  distinct  areas  are 
recognized  (fig.  2).  The  Sacramento  Mountains  are  the 
southern  extent  of  this  study,  while  to  the  north  lie  the 
White  Mountains,  which  include  Sierra  Blanca  Peak. 
North  and  east  of  the  White  Mountains  are  a  series  of 
smaller  mountains — the  Carrizo  Peak  area,  including 
the  Jicarrillo  and  Patos  Mountains,  and  the  Capitan 
Peak  area.  The  Guadalupe  Mountains  to  the  south  were 
not  included  because  they  did  not  contain  sufficient 
forested  area  to  meet  the  objectives  of  the  study. 

Geology.— The  mountains  of  the  Lincoln  National 
Forest  are  geologically  diverse,  with  steep  elevational 
relief  resulting  from  numerous  uplifts  and  extrusive  ac- 
tions. The  Sacramento  Mountains  arose  primarily  from 
a  massive  uplift,  as  evidenced  by  a  steep  escarpment  on 
the  western  flank.  The  predominant  parent  material  is 
San  Andres  Limestone,  but  in  some  areas,  the  under- 
lying Yeso  Siltstone  is  a  prominent  feature  (Weber  1964, 
Hunt  1977).  In  addition,  the  White  Mountains,  Carrizo 
Peak  area,  and  the  Capitan  Mountains  are  character- 
ized by  extrusive  volcanic  activity  and  more  diverse 
parent  materials.  The  Sierra  Blanca  and  Nogal  Peak 
areas  are  dominated  by  andesitic  parent  material,  and 
dikes  and  volcanic  plugs  often  can  be  found.  The 
Capitan  Peak  system— a  large,  linear,  east  to  west 
range — also  exhibits  parent  material  similar  to  that  of 
the  White  Mountains.  However,  the  rock  has  a  much 
redder  hue  and  has  been  referred  to  as  alaskite."*  It  ap- 
pears that  the  Carrizo  Peak  area  is  geologically  similar. 


'Personal  communication  witli  Cliff  Landers,  Soil  Scientist, 
USDA  Forest  Service,  Lincoln  National  Forest,  1979. 


Figure  2.— Geographical  divisions  of  the  Lincoln  National  Forest. 


Topography.— Extrusions  and  uplifts  created  the 
typical  topographical  features  of  the  Lincoln  National 
Forest  and  probably  were  largely  responsible  for  the  re- 
sultant vegetational  patterns.  The  uplifts  resulted  in 
steep  westerly  faces  in  the  Sacramento  and  White 
Mountains.  In  the  Sacramento  Mountains,  the  east  side 
exhibits  a  more  gentle  overall  slope,  while  the  east  side 
of  the  White  Mountains  is  quite  steep  as  a  result  of 
volcanic  extrusions. 

The  steep  west  and  gentle  east  slope  configurations 
result  in  narrow  vegetational  bands  on  west  slopes  and 
wider  bands  on  east  slopes.  Vegetation  on  steep  slopes 
exhibits  a  sharp  transition  between  the  xeric  pinyon- 
juniper  woodlands  and  the  more  mesic  mixed  conifer 
stands.  The  intervening  ponderosa  pine  forest  in  this 
area  is  nearly  absent,  or  at  best  forms  an  ecotone. 
Although  other  environmental  factors  undoubtedly  ex- 
ert an  influence,  the  sharp  delineation  of  vegetation 
probably  results  primarily  from  the  behavior  of 
northeasterly-easterly  summer  storms  arising  in  the 
Tularosa  Basin  to  the  west;  as  these  storms  move  into 
the  mountains,  steep  elevational  gradients  create  a 
dramatic  increase  in  precipitation. 

The  northern  half  of  the  Forest  has  had  more  volcanic 
activity,  hence  the  easterly  slopes  may  be  as  steep  as  the 
west  slopes.  However,  on  the  west  slope  of  both  the 
White  Mountains  and  Carrizo  Peak  this  sharp  vegeta- 
tional zonation  appears  once  again.  The  Capitan  Moun- 
tains exhibit  great  relief  on  both  the  north  and  south 
slopes,  with  long  alluvial  fan  systems  at  lower  eleva- 
tions. The  east  slope  of  Capitan  Peak  is  fairly  unique,  be- 
ing quite  steep  and  highly  dissected. 

The  presence  of  water  on  the  Lincoln  National  Forest 
is  quite  variable.  Many  perennial  streams  flow  in  the 
Sacramento  Mountains,  creating  wet  meadows  in 
valleys,  whereas  agricultural  activities  in  other  valleys 
have  led  to  draining  of  meadows.  The  White  Mountains 
to  the  north  also  are  bisected  by  several  perennial 
streams,  which  are  utilized  for  recreation.  In  contrast, 
no  perennial  streams  are  present  either  on  Carrizo  Peak 
or  Capitan  Peak,  but  many  springs  and  ephemeral 
streams  provide  habitats  for  riparian  vegetation. 

One  of  the  interesting  geological  features  on  the  Lin- 
coln National  Forest  is  the  presence  of  rock  glaciers  in 
the  Capitan  Peak  area.  From  the  ground,  the  rock  slopes 
appear  to  be  ordinary  scree,  but  viewed  from  the  air, 
the  rock  can  be  seen  to  have  slowly  crept  down  the 
mountain  side.  These  rock  glaciers,  while  exhibiting 
sparse  vegetational  cover,  influence  water  relations  on 
the  slope  below. 

Climate.— Climate  throughout  the  geographical 
regions  of  the  Southwest  exhibits  varying  patterns,  and 
is  undoubtedly  a  major  factor  affecting  the  occurrence 
of  plant  associations.  Moving  easterly  through  the 
Southwest,  summer  precipitation— beginning  in  July  and 
ending  in  September— becomes  a  more  prominent  part 
of  the  annual  pattern.  Approximately  60%  of  the  annual 
precipitation  falls  during  this  period,  but  in  some  areas 
of  the  Lincoln  National  Forest,  up  to  70%  of  the  rainfall 
comes  during  summer  months.  Spring  (from  mid-April 
through  June)  and  fall  (October  and  November)  are  dry 
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periods.  Annual  precipitation  for  forested  areas  is  be- 
tween 20  and  30  inches  (510  and  760  mm)  (fig.  3).5 

Between  12  and  18  inches  (300  and  460  mm)  of  sum- 
mer precipitation  falls  over  forested  areas,  usually  as  a 
result  of  convective  storms  that  develop  near  the  moun- 
tains. The  major  source  of  moisture  for  these  storms  is 
an  influx  of  moist  air  from  the  Gulf  of  Mexico.^  While 
these  storms  are  an  important  source  of  moisture  during 
the  grovdng  season,  especially  for  herbaceous  plants,  it 
is  not  clear  what  effect  summer  moisture  has  on  tree 
species.  Some  studies  indicate  that  winter  precipitation 
is  the  dominant  factor  for  growth  and  establishment  of 
trees  (Fritts  1974). 

Precipitation  during  the  winter  wet  period  is  mostly 
snow,  which  may  arise  from  continental  and  maritime 
polar  air  masses. ^  These  result  in  frontal  systems  from 
the  northwest  and  west.  Precipitation  during  this  period 
is  8  to  12  inches  (200  to  300  mm),  which  saturates  soils 
during  the  spring  thaw. 

Historical  events.— Interpretation  of  past  events, 
natural  or  human  caused,  is  critical  to  understanding 
the  current  vegetational  composition  on  the  Lincoln  Na- 
tional Forest.  Fire  was,  perhaps,  the  most  important 
historical  factor.  Scars  indicate  that  fire  once  was  an 
active  part  of  the  environment,  occurring  on  the  average 
every  7  or  8  years  in  Rocky  Mountain  ponderosa  pine 
(Pinus  ponderosa  var.  scopuJorum)^  forests  (Weaver 
1951).  Biswell  (1973)  estimated  a  greater  frequency, 

^USDA,  Forest  Service,  Lincoln  National  Forest,  unpublished 
hydrological  report,  1979. 

^Nomenclature  and  authority  for  plant  species  identified  in  this 
study  follow  that  of  Lehr  (1978)  unless  otherwise  specified. 


Figure  3.— Annual  precipitation  for  the  Lincoln  National  Forest. 


once  every  2  or  3  years.  The  short  time  span  between 
fires  resulted  in  low-intensity  burning  conditions  of  a 
noncatastrophic  nature  because  of  low  fuel  accumula- 
tions. As  a  consequence,  such  fire  behavior  exerted  an 
adaptive  pressure  on  plants  comprising  the  ecosystem. 

Ponderosa  pine  is  considered  a  fire-adapted  plant. 
This  adaptation  appears  to  have  had  a  profound  effect 
on  Southwestern  forests  which,  if  left  undisturbed,  prob- 
ably would  have  reached  a  climax  stage  composed  of 
less  fire-resistant  mixed  conifer  species.  Pine  over- 
stories  essentially  were  not  damaged  by  the  consump- 
tion of  light  fuels  and  grassy  vegetation.  Because  of 
greater  resistance  of  pine  reproduction  to  fire,  the 
species  could  maintain  itself  and  form  relatively  pure 
stands.  As  a  consequence,  ponderosa  pine  stands  were 
maintained  in  a  serai  state  in  what  otherwise  would  be 
mixed  conifer  forests. 

A  similar  situation  also  may  have  existed  in  the 
pinyon-juniper  transition  zone  at  lower  elevations.  Fire 
excluded  the  less  resistant  junipers  (Juniperus  spp.)  and 
pinyon  (Pinus  eduJis),  maintaining  again  pure  stands  of 
ponderosa  pine.  Essentially,  the  adaptability  of  ponder- 
osa pine  enabled  it  to  exist  in  relatively  pure  stands  over 
a  much  wider  elevational  range  than  if  fire  had  been 
excluded. 

Fire  exclusion  following  settlement  and  active  forest 
management  resulted  in  invasion  by  species  that  are 
less  fire  resistant,  so  that  the  forest  is  now  in  an  ad- 
vanced successional  stage  in  many  areas.  These  forests 
consist  of  a  mature  ponderosa  pine  overstory,  vdth 
younger  age  classes  composed  of  mixed  conifer  species, 
such  as  Rocky  Mountain  Douglas-fir  (Pseudotsuga  men- 
ziesii  var.  gJauca),  southwestern  white  pine  (Pinus 
strobi/ormis),  and  white  fir  (Abies  concoJor).  Similarly, 
juniper  (primarily  Juniperus  deppeana)  and  pinyon  in- 
creased at  lower  elevations,  suggesting  that  ponderosa 
pine  is  serai  in  such  stands.  Thus,  the  zone  occupied  by 
pure  ponderosa  pine  stands  has  been  narrowed  to  those 
areas  where  the  climate  supports  climax  ponderosa 
pine  forests.  This  has  led  to  an  expression  of  the  climatic 
climax  boundaries  of  all  species  independent  of  the  ef- 
fects of  fire.  Further  discussions  of  the  effects  of  fire  on 
Southwestern  forests  can  be  found  in  Weaver  (1951), 
Cooper  (1960),  and  Biswell  (1973). 

The  exclusion  of  high-frequency,  low-intensity  fires 
has  altered  fire  behavior  on  the  Lincoln  National  Forest. 
High  levels  of  fuel  have  accumulated,  and  seedlings  of 
all  timber  species  have  increased  in  number,  resulting 
in  very  dense  fuel  ladders.  These  changes  have  in- 
creased the  susceptibility  of  forests  to  catastrophic  fires 
and  subsequent  devastation  of  the  ecosystem.  In  con- 
trast, some  plants  are  adapted  to  catastrophic  fires; 
Gambel  oak  (Quercus  gambeJii)  and  wavyleaf  oak  (Quer- 
cus  unduJata)  are  the  most  notable  on  the  Lincoln  Na- 
tional Forest.  Old  burned  areas  are  now  largely  fields  of 
oak  brush,  which  do  not  regenerate  easily  to  conifer 
species. 

Concurrent  with  increasing  suppression  of  fire,  an  ex- 
tensive railroad  logging  system  was  established,  reach- 
ing into  nearly  every  drainage  and  operating  into  the 
mid-1900's.  Early  logging  practices  essentially  high- 
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graded  the  timber,  as  illustrated  by  the  existence  of 
large  stumps  next  to  mature  trees  deemed  not  market- 
able during  early  harvest.'  In  many  locations,  a  lack  of 
harvesting  technology  left  old-growth  stands  untouched 
in  inaccessible  areas.  These  pockets  often  are  examples 
of  potential  natural  vegetation.  In  some  instances,  the 
effects  of  logging  operations  hastened  establishment  of 
Douglas-fir  and  southwestern  white  pine  on  sites  pre- 
viously dominated  by  ponderosa  pine. 

The  Lincoln  National  Forest,  in  common  with  all 
forests  in  the  Southwest,  has  an  extensive  grazing 
history.  Following  Spanish  settlement,  sheep  were  the 
first  domestic  animals  to  use  the  range,  but  cattle  fol- 
lowed shortly,  creating  additional  grazing  pressure. 
During  World  War  II,  goats  grazed  extensively  on  the 
Lincoln  National  Forest.  Although  the  heaviest  use  was 
in  and  below  pinyon-juniper  woodlands,  animals  also 
utilized  forested  areas,  especially  canyon  bottoms  and 
other  areas  near  water.  Today,  even  with  regulated 
grazing,  species  abundance  and  composition  may  be 
altered  in  plant  communities. 

Of  the  more  recent  activities,  recreation  has  heavily 
impacted  the  Lincoln  National  Forest.  Increased  use  in 
the  past  20  years  indirectly  affected  plant  communities 
through  a  shift  in  management  goals,  including  creation 
of  the  White  Mountain  Wilderness  and  other  recreation 
areas.  The  direct  effect  of  recreation  was  modification 
of  some  riparian  sites  or  cool  drainages,  primarily  be- 
cause these  preferred  use  areas  are  easily  adapted  to 
camping  and  picnicking. 

METHODS 

FIELD  SAMPLING 

Procedures  for  sampling  stands  followed  that  of 
Daubenmire  and  Daubenmire  (1968)  as  modified  by 
Pfister  and  Arno  (1980)  and  Moir  and  Ludwig  (1983). 
First,  to  increase  efficiency  of  plot  selection,  individuals 
with  knowledge  of  the  area  were  contacted,  historical 
data  were  reviewed,  and  aerial  photographs  were  used. 
After  general  areas  were  selected,  actual  plot  establish- 
ment in  the  field  was  made  subjectively  using  the  follow- 
ing criteria:  (1)  presence  of  a  mature  tree  canopy  of  suf- 
ficient age  to  allow  the  undergrowth  to  stabilize;  (2) 
presence  of  an  undergrowth  that  had  recovered  from 
any  past  disturbance,  as  determined  by  the  absence  of 
various  indicators  such  as  plants  or  physical  signs;  and 
(3)  determination  that  a  stand  did  not  represent  an  eco- 
tone,  in  that  the  undergrowrth  species  composition  was 
not  a  transition  between  two  distinct  areas. 

Data  were  collected  under  three  different  proce- 
dures—reconnaissance, analytical,  and  validation.  The 
reconnaissance  is  a  relatively  rapid  procedure,  allowing 
a  large  number  of  plots  to  be  measured  in  a  shorter  time 
compared  to  the  analytical  procedure,  which  requires 
more  detailed  and  time-consuming  measurements.  As 
the  term  implies,  the  validation  procedure  utilized  plots 
primarily  to  document  the  presence  of  known  habitat 
types,  which,  therefore,  were  purposely  undersampled. 

^Personal  communication  with  Bill  Stanborough,  USDA  Forest 
Service,  Lincoln  National  Forest,  Timber  Staff,  1979. 


Data  collected  from  these  plots  were  simUar  to,  but  less 
detailed  than,  those  of  the  other  two  procedures. 

Reconnaissance  plots  were  circular  (35.8  feet  or 
10.9  m  radius),  covering  4,037  square  feet  (375  m^).  Plant 
canopy  coverage  of  each  undergrovv1;h  species  was  visu- 
ally estimated  to  the  nearest  percent.  Trees  were  re- 
corded in  size  categories:  (1)  seedlings— up  to  4.5  feet 
(1.37  m)  high,  (2)  small  saplings— 4.5  feet  (1.37  m)  tall  to 
2  inches  (5.1  cm)  diameter  at  breast  height  (d.b.h.),  (3) 
large  saplings/poles— 2  to  10  inches  (5.1  to  25.4  cm) 
d.b.h.,  and  (4)  mature  trees— greater  than  10  inches 
(25.4  cm)  d.b.h.  In  addition,  a  prism  tally  was  taken  to 
determine  basal  area. 

One  analytical  plot,  49.2x82.0  feet  (15x25  m),  was 
established  for  about  every  ten  reconnaissance  plots, 
both  types  of  plots  providing  essentially  the  same  infor- 
mation. Two  transect  lines,  16.4  feet  (5  m)  apart,  were 
located  parallel  to  the  long  axis;  25  rectangular  quad- 
rants (7.9x19.7  inches  or  20x50  cm)  were  spaced  at 
3.3-foot  (1-m)  intervals  along  each  transect.  Plant  cover 
estimates  were  recorded  in  percentage  coverage 
classes  according  to  Hanks,  et  al.  (1983).  The  primary 
function  of  analytical  plots  was  to  provide  calibration 
between  visual  estimates  of  reconnaissance  and  valida- 
tion plots  and  the  more  precise  measurements  obtained 
from  quadrats  in  the  analytical  method.  Also,  calibra- 
tion served  to  narrow  differences  in  estimates  of  cover 
values  between  investigators  in  the  same  or  different 
areas  so  that  data  would  be  comparable.  To  facilitate 
calibration,  a  visually  estimated  reconnaissance  plot 
was  always  measured  first  on  the  site  of  an  analytical 
plot.  Results  of  the  two  methods  were  compared  in  the 
field  before  leaving  the  site,  and  any  discrepancies  were 
adjusted  by  further  examination  of  the  plot. 

Site  data  recorded  for  all  plots  included  aspect,  slope, 
elevation,  location,  landform,  and  position  (ridge,  upper 
slope,  midslope,  lower  slope,  bench,  and  streamside). 
The  soU  surface  was  described  according  to  the  percent 
(totaling  100)  of  exposed  rocks  and  mineral  soil,  litter, 
moss  and  lichens,  and  vascular  plant  basal  area.  In 
addition,  such  general  observations  as  evidence  of  fire, 
logging  and  grazing  influence,  mistletoe  incidence,  tree 
canopy  cover,  and  general  stand  conditions  were 
recorded. 


DATA  ANALYSIS 

Development  of  the  classification  involved  primarily 
ecological  judgment,  but  more  formal  computer  analyses 
also  were  applied  for  additional  refinement.  Initially, 
plots  were  subjectively  grouped  into  climax  forest  series 
according  to  the  dominant  overstory  species  and  repro- 
duction. Six  series  were  recognized  on  the  Lincoln  Na- 
tional Forest:  Abies  Jasiocorpa,  Picea  engeJmannii,  Picea 
pungens,  Abies  concoJor,  Pseudotsuga  menziesii,  and 
Pin  us  ponderosa. 

Within  a  series,  individual  plots  were  grouped  ac- 
cording to  similarities  in  species  composition.  Succes- 
sive refinement  utilized  releve  tables— data  matrices, 
with  coverage  values  of  species  in  plots  (Becking  1957). 
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Constancy  was  found  to  be  an  important  element  for  de- 
termining the  reliability  of  a  species  as  being  represent- 
ative of  a  given  kind  of  stand.  In  addition  to  releve 
tables,  an  analysis  of  the  total  list  of  species  and  refer- 
ence to  historical  data  and  abiotic  features  provided 
further  information  needed  to  clarify  groupings.  Subse- 
quent data  analysis  utilized  ordination— principal  com- 
ponent analysis — to  improve  objectivity,  gain  additional 
insight  on  the  interaction  of  species,  substantiate  earlier 
judgments,  or  reveal  types  not  previously  defined  (Moir 
and  Ludvdg  1983).  The  process  of  iterative  group  refine- 
ment—utilizing subjective  and  analytical  computer 
procedures — was  continued  until  stands  were  sepa- 
rated into  representative  units  with  relatively  consistent 
site  characteristics  and  similar  tree,  shrub,  forb,  and 
graminoid  components.  When  appropriate,  these  units, 
or  habitat  types,  were  further  categorized  by  phases — a 
classification  level  that  retains  overstory  and  under- 
grovirth  characteristics  of  habitat  types,  but  differs 
uniformly  and  predictably  in  minor  vegetational  and  site 
components. 

RESULTS  AND  DISCUSSION 

All  known  habitat  types  and  phases  on  the  Lincoln  Na- 
tional Forest,  including  those  developed  by  this  study 
and  by  Moir  and  Ludwig  (1979),  are  listed  in  table  1,  and 
a  key  to  their  identity  is  shown  in  appendix  A.  Habitat 
types  previously  described  by  Moir  and  Ludwig  that 
were  verified  but  not  sampled  during  this  study,  are  pre- 
sented essentially  as  written  by  these  authors. 

Nomenclature  for  habitat  types  was  derived  by  incor- 
porating the  dominant  species  into  the  given  name. 
Where  habitat  types  were  similar  to  those  already  iden- 
tified outside  the  study  area,  the  previously  assigned 
name  was  accepted  to  retain  compatibility  between 
classifications.  Subsequent  to  publication  of  the  work  by 
Moir  and  Ludwig  (1979),  nomenclature  of  the  Abies  con- 
coJor  series  has  been  revised.  More  intensive  sampling 
suggested  that  Pseudotsuga  menziesii  does  not  always 
attain  the  co-climax  position  it  previously  was  believed 
to  have  reached  in  stands  of  the  Abies  concoJor  forest 
series.  As  a  consequence,  Pseudotsuga  menziesii  has 
been  deleted  from  the  name  of  several  Abies  concolor 
habitat  types.  Habitat  types  that  were  identified  in  Moir 
and  Ludwig  (1979)  as  Abies  concoIor-Pseudotsuga  men- 
ziesii/ . . .  now  appear  as  Abies  concolor/ ...  in  this  pub- 
lication. Habitat  types  represented  by  only  a  few  plots 
were  determined  by  comparing  such  plots  with  those 
located  on  the  Gila  and  Cibola  National  Forests  (Fitz- 
hugh  et  al.^). 

Each  habitat  type  description  begins  vdth  a  discus- 
sion of  diagnostic  vegetation  characterizing  that  type. 
Overstory  tree  species  are  described  in  relation  to  their 
climax  and  successional  roles  within  the  habitat  type, 
and  plant  species  most  consistently  present  or  absent  in 
the  habitat  type  are  labeled  diagnostic.  Other  plants 
that  are  not  as  important  as  diagnostic  species,  but  that 
offer  clues  to  field  identification  of  the  habitat  type,  also 

"E.  Lee  Fitzhugh,  William  H.  Moir,  John  A.  Ludwig,  and  FrariK 
Ronco,  Jr.  Forest  habitat  types  of  the  Apache,  Gila,  and  part  of  the 
Cibola  National  Forests.  Manuscript  in  preparation. 


are  discussed.  Coverage  values  reported  for  a  partic- 
ular species  in  a  habitat  type  are  based  on  plot  averages. 

A  generalized  topographical  description  is  given  for 
each  habitat  type.  However,  because  environmental  fac- 
tors may  be  interactive  and  compensating,  a  number  of 
topographical  locations  supporting  the  same  habitat 
type  can  exist.  There  are  situations,  in  contrast,  where  a 
habitat  type  is  restricted  to  a  particular  topographical 
situation;  for  example,  the  Abies  concolor/Acer  gron- 
didentatum  habitat  type.  Also  included  in  the  habitat 
type  description  is  a  discussion  of  adjacent  habitats  and 
ecotones.  A  discussion  section  concludes  the  description 
of  the  habitat  type,  providing  additional  information 
gathered  during  the  course  of  the  study. 

SPRUCE-FIR  HABITAT  TYPES 

Abies  lasiocarpa  Series 

Abies  lasiocarpa/Senecio  sanguisorboides  habitat  type 
(ABLA/SESA;  subalpine  fir/burnet  groundsel) 
(from  Moir  and  Ludwig  1979) 

Vegetation. — The  overstory  is  generally  dominated  by 
Abies  lasiocarpa,  but  sometimes  Picea  engeJmannii  is  co- 
dominant.  A.  lasiocarpa  has  moderate  to  heavy  stocking 
in  young  and  advanced  regeneration  classes,  usually  ex- 
ceeding that  of  P.  engeJmannii.  Abies  concoJor  is  absent 
regardless  of  size  class,  and  Pseudotsuga  menziesii  at 
low  elevations  can  be  a  serai  component  in  the  stand. 

The  shrub  layer  is  dominated  by  either,  or  both,  Ribes 
wolfii  and  R.  montigenum.  A  rich,  well-expressed  herba- 
ceous layer  is  dominated  by  Senecio  sanguisorboides. 
Other  common  species  are  Ligusticum  porteri,  Osmor- 
hiza  depauperata,  Actaea  arguta,  Bromus  richardsonii, 
Trisetum  montonum,  Festuca  sororia,  Pseudocymopteris 
montanus,  and  Erigeron  superbus. 

Although  there  possibly  may  be  two  phases  in  this 
habitat  type,  they  have  not  been  designated  as  such 
because  of  the  overall  homogeneity  of  vegetation  and  the 
limited  distribution  of  spruce-fir  forests  in  the  Sierra 
Blanca  area  (Dye  and  Moir  1977).  A  typical  phase  could 
be  found  on  most  sites,  whereas  the  Pseudotsuga  men- 
ziesii phase  (stands  containing  P.  menziesii)  would  be  re- 
stricted to  warmer  sites  at  low  elevations.  In  contrast  to 
the  typical  phase,  the  Pseudotsuga  phase  exhibits  low 
coverage  values  of  fUbes,  and  PopuJus  tremuJoides  may 
form  a  serai  community  in  some  locations.  In  the  more 
typical  situation,  fUbes  montigenum  and  R.  wolfii  in- 
crease in  abundance,  and  especially  dominate  large 
fire-created  openings;  Pseudotsuga  and  often  PopuJus 
tremuJoides  are  absent. 

Physical  setting.— The  habitat  type  is  common  to  the 
Sacramento  Mountains  in  the  vicinity  of  Sierra  Blanca 
Peak,  and  is  found  on  all  slopes  and  aspects  above 
10,000  feet  (3,050  m).  Soils  have  developed  mostly  from 
Three  Rivers  material,  intrusive  monzonite  and  granite. 
Soils  are  primarily  Typic  and  Pachic  CryoboroUs,  with 
coarse-loamy  texture  and  good  drainage;  profiles  are 
deep  and  have  A1-A3-C  mineral  horizon  sequences.  Cob- 
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Table  1.— List  of  habitat  types  and  phases  on  the  Lincoln  National  Forest 


Habitat  name 


Abbreviation 


Number 
of  plots 


Abies  lasiocarpa  series 
Abies  lasiocarpa/Senecio  sanguisorboides  habitat  type' 

Picea  engeimannii  series 
Picea  engelmannii/Acer  glabrum  habitat  type' 
Picea  engelmannii/Elymus  Iriticoides  habitat  type' 

Picea  pungens  series 
Picea  pungens/Fragaria  ovalis  habitat  type 

Abies  concolor  series 
Abies  concolor/Acer  grandidentatum  habitat  type 

Acer  grandidentatum  typic  phase 

IHolodiscus  dumosus  phase 
Abies  concolor/Elymus  iriticoides  habitat  type' 
Abies  concolor/Acer  glabrum  habitat  type 

Holodiscus  dumosus  phase' 
Abies  concolor/Quercus  gambelii  habitat  type 

Quercus  gambelii  typic  phase' 

Holodiscus  dumosus  phase' 

Festuca  arizonica  phase' 

Muhlenbergia  virescens  phase' 

Muhlenbergia  dubia  phase 
Abies  concolorlSpatse  undergrowth  habitat  type" 
Abies  concolor/Juglans  major  habitat  type 

Pseudotsuga  menziesii  series 
Pseudotsuga  menziesii/Quercus  gambelii  habitat  type 
Quercus  gambelii  typic  phase 
Holodiscus  dumosus  phase 

Pinus  ponderosa  series 
Pinus  ponderosa/Quercus  gambelii  habitat  type 
Pinus  ponderosa/Quercus  undulata  habitat  type 

Quercus  undulata  typic  phase 

Muhlenbergia  dubia  phase 

Muhlenbergia  longiligula  phase 


ABLA/SESA  HT 


PIEN/ACGL  HT 
PIEN/ELTR  HT 


PIPU/FROV  HT 


ABCO/ACGR  HT 

ACGR  typic  P 

HODU  P 
ABGO/ELTR  HT 
ABCO/ACGL  HT 

HODU  P 
ABCO/QUGA  HT 

QUGA  typic  P 

HODU  P 

FEAR  P 

MUVI  P 

MUDU  P 
ABCO/Sparse  HT 
ABGO/JUMA  HT 


PSME/QUGA  HT 
QUGA  typic  P 
HODU  P 


PIPO/QUGA  HT 
PIPO/QUUN  HT 

QUUN  typic  P 

MUDU  P 

MULO  P 


3 
3 
4 

17 

18 
7 
4 
1 
2 
1 
4 


'Previously  described  by  Moir  and  Ludwig  (1979). 


bles  may  be  very  compact  below  about  12-18  inches 
(30-45  cm)  (Dye  and  Moir  1977). 

Ecotones  and  adjacent  habitats.— Ecotones  occur 
with  alpine  tundra  along  high,  windswept  ridges  (Moir 
and  Smith  1970)  and  with  meadows  dominated  by 
Festuca  thurberi  (Moir  1967).  At  lower  elevations,  mixed 
conifer  forests  consist  mostly  of  the  Abies  concolor/Acer 
gJabrum  habitat  type,  Holodiscus  dumosus  phase. 

Discussion.— This  habitat  type  is  situated  in  a  zone  of 
high  precipitation,  much  of  which  is  in  the  form  of  snow, 
and  as  a  consequence,  recreational  skiing  is  extensive. 
The  ABLA/SESA  HT  also  serves  as  the  principal  water- 
shed for  the  towns  of  Ruidoso  and  Capitan,  N.  Mex. 

This  habitat  type  exhibits  high  site  quality  for  Abies 
lasiocarpa  var.  arizonica.  Robust,  long-lived  ecotypes 
and  the  tallest  known  specimens  grow  here,  and  some 
individuals  often  are  older  than  275  years.  Such  longev- 
ity may  explain  the  higher  density  of  mature  Abies  in 
this  type  than  in  most  other  spruce-fir  habitat  types  in 
Arizona  and  New  Mexico.  An  examination  of  the  struc- 
ture of  six  mature  stands  indicated  that  the  major 


climax  species  in  four  stands  was  A.  lasiocarpa  var.  ari- 
zonica, whereas  both  Abies  and  Picea  engeimannii  occu- 
pied the  remaining  two  stands. 

According  to  Dye  and  Moir  (1977),  there  is  no  evi- 
dence that  the  majority  of  adjoining  Fescue  thurberi 
meadows  are  fire-initiated  precursors  of  spruce-fir  for- 
ests. Rather,  they  appear  to  be  edaphic  climaxes  on  soils 
that  are  more  finely  textured  than  forest  soils  (Moir 
1967),  and  may  have  originated  during  warmer  postgla- 
cial climates  as  forests  retreated  upward  in  elevation 
and  grassland  vegetation  followed. 


Picea  engeimannii  Series 

Picea  engelmannii/Acer  giabrum  habitat  type 
(PIEN/ACGL;    Engelmann    spruce/Rocky  Mountain 
maple)  (from  Moir  and  Ludwig  1979) 

Disjunct  outliers  of  Picea  engeimannii  are  found  in  the 
Hubbell  and  Sacramento  Canyons  of  the  Sacramento 
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Mountains  and  in  the  Chiricahua  Mountains  of  Arizona. 
WhUe  these  outHers  were  assigned  to  the  Picea  enge]- 
monnii/Acer  gJabrum  habitat  type,  they  are  not  suffi- 
ciently widespread  in  occurrence  to  consider  the  type  of 
major  importance  on  the  Lincoln  National  Forest. 
Pseudotsuga  menziesii  is  the  most  important  codominant 
tree,  and  Acer  gJabrum  is  usually  present  in  the  under- 
story.  Herbaceous  cover  in  plots  ranged  from  5%  to 
17%,  with  the  most  constant  species  being  Bromus 
richordsonii,  VioJa  canadensis,  SmiJacina  stelJata,  and 
Ligusticum  porteri.  The  habitat  type  is  of  interest  pri- 
marily because  Engelmann  spruce  is  present  at  low 
elevations  (8,900-9,200  feet  or  2,710-2,800  m)  at  its 
southernmost  limit  in  North  America  (Chiricahua  Moun- 
tains, Arizona,  lat.  31°52'  N.). 

Picea  engelmannii/Elymus  triticoides  habitat  type 
(PIEN/ELTR;  Engelmann  spruce/beardless  wild  rye) 
(from  Moir  and  Ludwig  1979) 

This  habitat  type,  also  considered  minor,  is  restricted 
to  the  Capitan  Mountains  at  uppermost  elevations.  Pseu- 
dotsuga menziesii  is  codominant;  Abies  Jasiocarpa 
varies  from  absent  to  codominant.  A  shrubby  under- 
growth varying  in  cover  density  from  2%  to  23%  con- 
sists of  Acer  gJabrum,  HoJodiscus  dumosus,  Jamesia 
americana,  and  Ribes  spp.  Soils  are  very  cobbly,  and 
undergrovirth  vegetation  appears  to  be  related  to  the 
buUdup  of  soils,  commencing  from  raw  talus.  On  better 
developed  soUs,  Elymus  triticoides  may  cover  up  to  about 
20%  of  the  surface. 


MIXED  CONIFER  HABITAT  TYPES 

Picea  pungens  Series 

Picea  pungens/Fragaria  ovalis  habitat  type 
(PIPU/FROV;  Colorado  blue  spruce/wild  strawberry) 

Vegetation.— Picea  pungens  and  Pseudotsuga  men- 
ziesii are  codominants  in  this  habitat  type  (fig.  4),  each 
vdth  a  density  of  between  60  and  80  square  feet  of  basal 
area  per  acre  (13.8  and  18.4  m^/h).  Abies  concoJor  is 
nearly  always  present,  but  only  as  a  minor  climax  spe- 
cies. Picea  engelmannii  may  be  present  in  small  amounts, 
while  Pinus  strobi/ormis  and  P.  ponderosa  are  rare  com- 
ponents. Populus  tremuJoides  is  the  major  successional 
species  followdng  fire  and  other  major  disturbances. 

The  shrub  layer  is  highly  variable,  v^dth  Holodiscus 
dumosus  and  Acer  gJabrum  being  the  most  common,  but 
exhibiting  little  constancy.  Often,  the  shrub  component 
is  absent. 

Poa  pratensis,  Bromus  richardsonii,  and  Trisetum 
montanum  are  the  three  dominant  grasses  of  this 
habitat  type.  Coverage  of  these  species  may  be  high — 
over  80%  of  the  plot— but  the  grass  component  is  less 
consistent  than  the  forb  layer.  Fragaria  ovaJis  and  F. 
hracteata  are  consistent  species  in  the  undergrowrth, 
which  is  usually  dominated  by  forbs.  Other  forbs  include 


Figure  A.— Picea  pungens/Fragaria  ovalis  habitat  type.  Plot  855, 
Cox  Canyon,  Lincoln  National  Forest  (8,400  feet  or  2,560  m). 
Pseudotsuga  menziesii  codominant  with  Picea  pungens;  Abies 
concolor  common.  Holodiscus  dumosus  and  Acer  glabrum  often 
present;  Poa  pratensis  also  common. 

Cystopteris  /ragiJis,  GaJium  asperrimum,  DugaJdia 
hoopesii  (HeJenium  hoopesiij.  Iris  missouriensis,  OxaJis 
aJpina,  and  Pseudocymopteris  montanus. 

Physical  setting.— All  plots  sampled  in  this  habitat 
type  were  found  in  the  Sacramento  Mountains.  The  hab- 
itat type  is  restricted  to  sideslopes  near  canyon  bottoms, 
at  elevations  between  8,000  and  9,000  feet  (2,440  and 
2,745  m)  and  always  on  northern  exposures.  Soils  have 
well-developed  litter  and  duff  layers. 

Ecotones  and  adjacent  habitats.— A  meadow  com- 
munity dominated  by  Poa  pratensis  can  be  found  in  can- 
yon bottoms  directly  below  the  PIPU/FROV  HT.  It  is 
doubtful,  however,  that  the  streamside  Picea 
pungens/Poa  pratensis  (PIPU/POPR)  habitat  type  occurs 
here  as  suggested  by  Moir  and  Ludwig  (1979).  Extensive 
reconnaissance  subsequent  to  their  study  has  not 
revealed  the  PIPU/POPR  HT,  except  possibly  as  a  very 
narrow  ecotone  at  the  forested  edge  of  the  meadows. 

Pseudotsuga  menziesii  increases  vdthin  the  PIPU/ 
FROV  HT  further  upslope  from  the  canyon  bottom,  and 
is  indicative  of  the  Picea  pungens-Pseudotsuga  menziesii 
habitat  type  described  by  Moir  and  Ludwig  (1979)  on  the 
Lincoln  National  Forest.  As  with  the  PIPU/POPR  HT, 
however,  additional  studies  reported  here  and  else- 
where in  Arizona  and  New  Mexico  (Fitzhugh  et  al.,^ 
Alexander  et  al.,^  DeVelice  et  al.^°)  show  that  such 
stands  should  be  considered  ecotones  and  not  habitat 
types.  These  ecotones  lie  between  the  PIPU/FROV  HT 
and  the  Abies  concoJor  series  habitat  types,  commonly 
the  Abies  concoJor/Acer  gJabrum  habitat  type, 
HoJodiscus  dumosus  phase. 

Discussion.— The  Picea  pungens  series  is  highly  re- 
stricted on  the  Lincoln  National  Forest,  occurring  only  in 
cool,  moist  canyons  at  mid-elevations.  Because  of  acces- 

°6/7/y  G.  Alexander,  Jr.,  E.  Lee  Fitzhugh,  John  A.  Ludwig,  and 
Frank  Ronco,  Jr.  Forest  habitat  types  of  the  Cibola  National  Forest, 
New  Mexico.  Manuscript  in  preparation. 

^"Robert  L.  DeVelice,  John  A.  Ludwig,  William  H.  Moir,  and  Frank 
Ronco,  Jr.  A  classification  of  forest  habitat  types  in  northern  Mex- 
ico and  southern  Colorado.  Manuscript  in  preparation. 
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sibility,  these  sites  historically  have  been  heavily  grazed 
and  subsequently  subjected  to  considerable  disturb- 
ance. Consequently,  sampling  this  series  for  climax  or 
near-climax  stands  was  difficult,  and  only  seven  plots 
were  sampled  between  this  study  and  that  of  Moir  and 
Ludwig  (1979).  All  known  Picea  pungens  stands,  how- 
ever, were  sampled  by  the  two  studies." 

A  larger  sample  from  the  Gila  National  Forest  estab- 
lished the  existence  of  several  Picea  pungens  habitat 
types  that  are  characterized  by  an  abundant  grass 
cover  or  a  dominant  forb  layer  (Fitzhugh  et  al.^j.  In  the 
Lincoln  National  Forest,  the  PIPU/FROV  HT  identified  in 
this  study  is  clearly  forb-dominated  and  similar  to  that 
described  on  the  Gila  National  Forest  by  the  above 
authors.  DeVelice  et  al.^°  recognized  shrub-  and  grass- 
dominated  Picea  pungens  habitat  types  in  northern  New 
Mexico.  The  Cibola  National  Forest  also  has  shrub- 
dominated  Picea  pungens  habitat  types— Picea  pungens/ 
Cornus  stoloni/era — as  well  as  those  of  a  grass- 
dominated  nature — Picea  pungens/Carex  foenea  habitat 
type  (Alexander  et  al.^).  The  Lincoln  National  Forest,  in 
contrast,  lacks  the  diversity  shown  in  these  other  areas. 

The  Picea  pungens  habitat  types  and  communities  on 
the  Lincoln  National  Forest  are  heavily  impacted  by 
humans.  Their  restriction  to  mid-elevation,  cool,  moist 
canyons  and  close  proximity  to  water  results  in  heavy 
use  from  recreation  and  livestock  activities.  The  Picea 
pungens  forest  also  is  used  extensively  by  wildlife  for 
feeding  and  traveling  between  canyon  bottoms  and  the 
remainder  of  the  forest.  Trees  in  these  canyon  bottom 
communities  are  sparse,  with  only  an  occasional  individ- 
ual Picea  pungens  present.  The  undergrowd;h  composi- 
tion reflects  the  high  degree  of  disturbance,  with  Poa 
pratensis  and  other  indicator  species  such  as  Erodium 
cicutarium  and  Artemisia  dracuncuJus  being  common. 

In  the  ecotone  situated  above  the  PIPU/FROV  HT, 
common  plants  are  Pseudotsuga  menziesii,  Acer 
gJabrum,  and  HoJodiscus  dumosus.  These  species  are 
representative  of  both  the  habitat  type  and  the  ecotone, 
but  coverage  increases  with  increasing  upslope  dis- 
tance from  the  canyon  bottom.  The  ecotone,  however,  is 
absent  or  minor  when  ecological  boundaries,  such  as 
those  delineated  by  cold  air  drainages,  are  abrupt,  but 
may  be  extensive  in  areas  where  the  environmental 
change  is  gradual. 

Abies  concoloT  Series 

Abies  concolor/Acer  grandidentatum  habitat  type 
(ABCO/ACGR;  white  fir/big  tooth  maple) 

Vegetation.— Abies  concoJor  is  the  primary  timber 
species  in  the  climax  community  of  this  habitat  type  (fig. 
5).  Pseudotsuga  menziesii  is  late  successional,  but  it  can 
occur  in  climax  stands.  In  younger  stands,  it  is  much 
more  numerous.  Furthermore,  these  young  stands  have 
dense  Abies  concoJor  regeneration.  Pinus  strobiformis  is 
always  of  minor  importance  in  stands  of  this  habitat 

^^Personal  communication  with  Timber  Staff  personnel,  USDA 
Forest  Service,  Lincoln  National  Forest,  1979. 


Figure  5.— Abies  concolor/Acer  grandidentatum  habitat  type, 
Holodiscus  dumosus  phase.  Plot  839,  Baily  Canyon,  Lincoln 
National  Forest  (8,440  feet  or  2,570  m).  Pseudotsuga  menziesii  a 
prominent  memt)er  of  overstory;  Abies  concolor  dominant.  Acer 
glabrum  present  in  tree  form.  Rod  graduated  in  decimeter 
segments. 

type,  but  is  commonly  present.  In  contrast,  other  timber 
species,  notably  Pinus  ponderosa,  are  absent. 

The  diagnostic  tall  shrub  is  Acer  grandidentatum, 
which  is  always  present  in  contrast  to  the  usual  absence 
of  Acer  gJabrum.  If  present,  A.  glabrum  wall  be  subordi- 
nate to  A.  grandidentatum,  and  may  represent  an 
ecotone  between  the  ABCO/ACGR  HT  and  the  ABCO/ 
ACGL  HT.  Stands  with  a  high  coverage  of  A.  grandiden- 
tatum, reaching  60%  in  some  instances,  often  have  a 
relatively  low  coverage  of  conifer  species.  Quercus 
gambeJii  is  always  present,  but  coverage  is  low. 

The  number  of  different  forbs  comprising  the  under- 
growrth  of  this  habitat  type  is  indicative  of  its  cool,  moist 
nature.  ThaJictrum  /endJeri  is  most  common,  followed  by 
Galium  boreaJe  and  SmiJacina  steUata.  Of  interest  is  the 
frequent  occurrence  of  Habenaria  sparsiflora. 

Acer  grandidentatum  (ACGR)  typic  phase.— This 
phase  represents  the  drier  component  of  the  habitat 
type,  with  Holodiscus  dumosus  absent.  Bromus  richard- 
sonii  and  Carex  spp.  are  common. 

Hoiodiscus  dumosus  (HODU)  phase.— In  contrast  to 
the  typic  phase,  the  HODU  phase  is  found  on  wetter  sites 
of  the  habitat  type.  It  is  characterized  by  the  presence  of 
the  diagnostic  species  Holodiscus  dumosus.  Bromus 
richardsonii  is  the  only  graminoid  found  in  this  phase. 

Physical  setHng.-The  ABCO/ACGR  HT  is  always 
found  in  canyons  or  similar  cool,  moist  sites.  Elevation 
varies  from  6,500  feet  (1,980  m)  to  more  than  8,500  feet 
(2,590  m),  with  the  HoJodiscus  dumosus  phase  found 
above  7,500  feet  (2,285  m).  This  habitat  type  is  generally 
found  on  northern  aspects,  but  if  conditions  are  suffi- 
ciently mesic,  it  can  be  found  on  western  and  eastern 
exposures  as  well. 

Ecotones  and  adjacent  habitats.— At  lower  eleva- 
tions, steep  canyons  can  result  in  abrupt  environmental 
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changes.  In  such  situations,  the  community  adjacent  to 
the  Abies  concoJor/Acer  grondidentatum  habitat  type 
may  be  the  Pseudotsuga  menziesii/Quercus  gambelii 
habitat  type  or  even  the  Pinus  ponderosa/Quercus  gam- 
belii habitat  type.  Where  slopes  are  more  gradual,  the 
adjacent  community  often  is  the  mesic  Abies  concolorl 
Acer  gJabrum  habitat  type,  HoJodiscus  dumosus  phase. 

Discussion.— The  ABCO/ACGR  HT,  at  its  representa- 
tive elevation,  is  the  most  mesic  habitat  type  of  the  Abies 
concoJor  series.  It  is  a  highly  restricted  type,  being  con- 
fined to  the  lower  portion  of  slopes  rising  from  canyons. 
Moir  and  Ludwig  (1979)  also  defined  a  canyon  stream- 
side  ABCO/ACGR  HT  in  Arizona  that  appears  to  reflect 
virtually  the  same  forest  and  environmental  conditions 
recognized  here. 

Abies  concolor/Elymus  triticoides  habitat  type 
(ABCO/ELTR;  white  fir/beardless  wild  rye) 
(from  Moir  and  Ludwig  1979) 

This  habitat  type  is  unique  and  is  limited  to  the 
Capitan  Mountains  v^^here  it  borders  the  Picea  engeJ- 
monnii/EJymus  triticoides  habitat  type.  Abies  concoJor 
and  Pseudotsuga  menziesii  dominate.  Pinus  strobiformis 
usually  is  abundant  but  not  dominant,  and  at  times  v\dll 
be  absent.  Picea  engeJmannii  is  absent,  while  other 
timber  species  are  rarely  found.  Common  tall  shrubs  are 
Quercus  gambeJii  and  HoJodiscus  dumosus;  Acer 
gJabrum  is  absent.  The  undergrowth  is  dominated  by 
grasses.  EJymus  triticoides  is  very  abundant,  covering 
up  to  80%  of  a  stand.  Bromus  richardsonii  also  is  com- 
mon, but  not  as  abundant  as  E.  triticoides.  The  forb 
undergrowth  is  minimal;  no  species  is  constant.  This 
habitat  type  is  vdthin  the  group  of  mixed  conifer  habi- 
tats characterized  by  grass-dominated  undergrowth, 
such  as  the  Abies  concolor/Quercus  gambelii  and  the 
Abies  concolorlFestuca  orizonica  habitat  types.  Soils 
are  extremely  cobbly,  and  grass  cover  is  interrupted  by 
patches  of  cobbly  talus  at  the  surface. 

Abies  concoior/Acer  glabrum  habitat  type  (ABCO/ACGL; 
white  fir/Rocky  Mountain  maple) 

Vegetation.— Abies  concoJor  dominates  in  stands  of 
this  habitat  type  (fig.  6),  if  not  in  the  overstory  then  as 
regeneration.  Pseudotsuga  menziesii  is  a  successional 
dominant,  and  it  remains  a  codominant  in  climax  stands, 
becoming  minor  in  very  old  stands.  Pinus  strobi/ormis  is 
similar  to  Pseudotsuga  menziesii  in  behavior,  but  will  not 
maintain  codominant  status  in  older  stands.  Pinus  pon- 
derosa  occasionally  may  be  present  in  this  habitat  type. 

The  tall  shrub  layer  is  highly  diagnostic  of  this  habitat 
type.  Acer  gJabrum  is  always  present,  ranging  from  high 
to  low  coverage.  In  the  one  phase  of  the  habitat  type 
recognized  on  the  Lincoln  National  Forest,  HoJodiscus 
dumosus  is  always  present.  Quercus  gambeJii  is  a  com- 
mon component,  but  when  present,  always  has  low 
coverage  values.  Symphoricarpos  oreophiJus,  while 
sometimes  present,  has  little  diagnostic  value. 


Figure  6.— Abies  concolor/Acer  glabrum  habitat  type,  Holodiscus 
dumosus  phase.  Plot  840,  Baily  Canyon,  Lincoln  National  Forest 
(8,280  feet  or  2,525  m).  Abies  concolor  and  Pseudotsuga  menzie- 
sii dominate  these  sites;  Pinus  strobiformis  common,  Pinus 
ponderosa  uncommon.  Acer  glabrum  and  Holodiscus  dumosus 
always  present. 

The  only  grass  of  any  abundance  is  Bromus  richard- 
sonii, which  is  a  common  component  of  the  undergrowth. 
Predominant  forbs  include  Galium  boreaJe,  Stellaria 
Jongi/oJia,  and  ThaJictrum  fendJeri,  which  can  be  suffi- 
ciently abundant  to  cover  a  large  percentage  of  the  site. 

Holodiscus  dumosus  (HODU)  phase.— This  phase  is  the 
only  form  in  which  the  ABCO/ACGL  HT  occurs  on  the 
Lincoln  National  Forest,  and  it  is  characterized  by  the 
presence  of  HoJodiscus  dumosus. 

Physical  setting.— The  ABCO/ACGL  HT,  HODU  phase 
is  found  predominantly  on  north-  and  northwest-facing 
slopes,  and  possibly  on  more  westerly  slopes  where  sites 
are  wet  and  cool.  Its  elevational  range  is  broad— from 
8,000  feet  (2,440  m)  to  more  than  9,500  feet  (2,895  m). 
Where  it  lies  at  lower  elevations,  sites  will  be  locally 
wet  and  cool.  Therefore,  the  type  is  located  along  can- 
yon sides  and  cool  drainages,  and  its  presence  is  most 
striking  in  cool  drainages  where  the  adjacent  communi- 
ty may  be  much  drier.  At  upper  elevations,  this  habitat 
type  occurs  along  the  tops  of  ridges  and  knolls.  Soils 
were  derived  from  alluvial  deposits  or  sideslope  col- 
luvial  parent  materials,  and  the  litter  layer  usually  was 
well  developed. 

Ecotones  and  adjacent  habitats.— At  upper  eleva- 
tions, this  habitat  type  forms  ecotones  with  spruce-fir 
types.  Where  environmental  conditions  are  too  dry  for 
optimum  development  of  the  type,  the  resulting  ecotone 
wiH  be  shared  with  the  adjacent  Abies  concoJor/Quercus 
gambeJii  habitat  type,  HoJodiscus  dumosus  phase.  In  con- 
trast, the  Abies  concoJor/Acer  grandidentatum  habitat 
type  will  be  found  adjacent  to  the  ABCO/ACGL  HT, 
HODU  phase,  in  cool,  wet  drainages  where  conditions  are 
especially  moist. 
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Discussion.— This  habitat  type  and  associated  phase 
are  found  in  cool,  wet  sites,  and  are  well  represented  on 
the  Lincoln  National  Forest,  especially  in  the  Sacramen- 
to Mountains.  Moir  and  Ludwig  (1979)  also  described 
this  habitat  type  and  phase  as  well  as  a  Berberis  repens 
phase  found  in  northern  New  Mexico  and  an  outlier  in 
the  White  Mountains  of  Arizona.  Hanks  (1966)  studied 
successional  relationships  in  the  HoJodiscus  dumosus 
phase  and  concluded  that  fire  was  the  principal  factor 
initiating  succession.  Because  of  wet  conditions  existing 
in  mixed  conifer  forests,  historical  fires  were  infre- 
quent, generally  light,  and  erratic.  But  localized  intense 
fires  probably  resulted  in  a  patchy  or  mosaic  stand 
structure  Qones  1974).  Logging  and  stand  deterioration 
with  increasing  age,  however,  also  contributed  to  the  ir- 
regular structure. 

While  Quercus  gambeiii  and  Robinia  neomexicona 
follow  the  herbaceous  stage  and  dominate  burned-over 
areas  a  few  years  after  fires,  other  important  species 
such  as  Acer  gJabrum,  HoJodiscus  dumosus,  and  Ptelea 
trifoliata  (P.  ongusti/oJiaj  also  are  found  in  the  shrub 
stage  (Moir  and  Ludwig  1979).  In  the  late  coniferous 
stage  of  succession,  Abies  concolor,  Pseudotsuga 
menziesii,  and  Pinus  strobi/ormis  become  established. 
Pinus  ponderosa,  however,  is  present  only  occasionally, 
apparently  becoming  established  in  small  openings 
created  by  hot  fires. 

Abies  concoior/Quercus  gambeiii  habitat  type 
(ABCO/QUGA;  white  fir/Gambel  oak) 

Vegetation.— Abies  concoJor  and  Pseudotsuga 
menziesii  are  the  principal  climax  timber  species  of  this 
habitat  type,  but  as  the  stand  matures,  the  dominant  P. 
menziesii  is  replaced  by  the  more  shade  tolerant  Abies 
concolor.  On  drier  sites  of  this  habitat  type,  Pseudotsuga 
menziesii  maintains  itself  in  a  prominent  climax  role. 
Pinus  ponderosa  and  P.  strobi/ormis  are  common  serai 
trees,  but  distribution  of  the  latter  is  highly  variable, 
being  much  more  prominent  on  wetter  than  drier  sites. 
Furthermore,  it  is  often  absent  from  older,  near-climax 
stands.  Occasional  individual  Pinus  eduJis  and  Juniperus 
deppeana  trees  also  can  be  found  on  drier  sites,  espe- 
cially on  those  areas  where  the  habitat  type  grades 
directly  into  pinyon-juniper  sites. 

Quercus  gambeiii  is  the  prominent  shrub  component 
of  this  forest  type,  with  coverage  values  up  to  5%  or 
greater.  Large  clumps  of  Quercus  gambeiii  found  on 
these  sites  may  be  due  to  past  disturbances,  such  as 
local  concentrations  of  heat  in  widespread  burns,  which 
especially  favored  oak  regeneration.  Robinia  neomexi- 
cona also  may  be  abundant  on  disturbed  sites. 

Grasses  of  this  habitat  type  are  more  diverse  than 
those  of  the  wetter  ABCO/ACGL  HT,  but  they  may  be 
sparse,  or  nearly  absent,  or  codominant  with  Q.  gam- 
beiii, depending  on  the  phase  of  the  habitat  type.  Bromus 
richardsonii,  Festuca  arizonica,  and  Poa  /endleriana  are 
encountered  most  often;  other  grasses  range  from  the 
mesic  Elymus  triticoides  to  the  more  xeric  MuhJenbergia 
virescens  and  M.  dubia.  Carex  rossii  also  is  found  fre- 
quently. Forbs  are  highly  variable,  with  Thalictrum 


Figure  7.— Abies  concoior/Quercus  gambeiii  habitat  type,  Holo- 
discus  dumosus  phase.  Plot  837,  Cloudcroft  Experimental 
Forest,  Lincoln  National  Forest  (8,600  feet  or  2,620  m).  Abies  con- 
color dominant;  Pseudotsuga  menziesii  often  codominant.  Holo- 
discus  dumosus  and  Quercus  gambeiii  abundant;  forbs  with  high 
diversity. 

/endleri  present  on  most  sites.  Clematis  ligusticifolia  is 
common  in  the  Holodiscus  dumosus  phase  of  the  type. 

Quercus  gambeiii  (QUGA)  typic  phase.— With  the  ex- 
ception of  Qu^cus  gambeiii  (to  which  grasses  are  sub- 
ordinate), the  typic  phase  of  the  ABCO/QUGA  HT  is 
characterized  by  a  lack  of  any  adequate  diagnostic 
species.  However,  Poa  fendleriana  increases  as  the 
stand  nears  the  climax  stage. 

Hoiodiscus  dumosus  (HODU)  phase.— The  HODU 
phase  (fig.  7)  is  characterized  by  the  presence  of  Holo- 
discus dumosus,  which  may  cover  as  much  as  25%  of  a 
given  site.  Quercus  gambeiii  still  has  a  high  coverage. 
Symphoricarpos  oreophilus  and  Clematis  ligustici/olia 
also  are  common  components  of  this  type. 

Festuca  arizonica  (FEAR)  phase.— Festuca  arizonica  is 
the  diagnostic  species  of  this  phase,  v^nith  coverage 
values  up  to  20%.  Muhlenbergia  montana  and  Poa  /end- 
leriana are  common.  The  FEAR  phase  lacks  forb  diversi- 
ty, but  Erigeron  platyphyllus,  Geranium  caespitosum, 
and  Artemisia  ludoviciana  are  common.  This  phase  of 
the  habitat  type  is  not  widespread  on  the  Lincoln  Na- 
tional Forest. 

Muiiienbergia  virescens  (MUVI)  phase.— This  phase 
(fig.  8)  is  dehneated  by  the  presence  of  Muhlenbergia 
virescens,  which  may  have  up  to  60%  cover  in  some 
areas  according  to  Moir  and  Ludwig  (1979).  In  addition, 
Moir  and  Ludwig  indicated  that  Stipa  pringlei  and  Sita- 
nion  hystrix  may  be  common,  depending  on  location. 
Similarly,  Festuca  arizonica,  Poa  fendleriana,  P.  interior, 
and  Koeleria  pyramidata  (K.  cristata}  may  be  present, 
but  in  minor  amounts.  They  also  indicated  that  the  fol- 
lowing forbs  occasionally  may  be  important:  Pteridium 
aquilinum,  Thermopsis  pinetorum,  and  Vicia  pulchella. 
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Overall  acreage  of  this  phase  is  low,  and  in  addition,  its 
distribution  is  somewhat  limited  on  the  Lincoln  National 
Forest. 

MuJiJenbei;gia  dubia  (MUDU)  phase.— Of  all  the  types 
in  the  Abies  concolor  series,  the  MUDU  phase  of  the 
ABCO/QUGA  HT  is  the  most  xeric.  It  is  distinguished  by 
the  presence  of  MuhJenbergia  dubia,  and  is  restricted  to 
cool  canyons  at  low  elevations.  Pinus  ponderosa  in- 
creases in  abundance  on  sites  where  this  phase  is  found. 
Topographic  sites  that  favor  this  phase  are  common  in 
the  Capitan  Peak  area. 

Physical  setting.— The  habitat  type  ranges  in  eleva- 
tion from  6,500  feet  (1,980  m)  to  more  than  9,000  feet 
(2,745  m)  on  all  aspects  and  a  variety  of  topographical 
positions,  depending  on  the  phase.  The  MUDU  phase  is 
generally  restricted  to  north  to  northeast  slopes  or  cool 
canyon  bottoms  on  north-facing  mountain  sides  and,  at 
6,500  to  7,000  feet  (1,980  to  2,135  m),  is  the  lowest 
representative  of  the  type. 

In  contrast,  the  typic  and  HODU  phases  starting  at 
7,000  feet  (2,135  m)  are  the  highest,  and  may  extend  to 
above  9,000  feet  (2,745  m).  The  typic  phase  may  be 
found  on  most  aspects  of  upper  canyons  and  ridge  tops, 
whereas  the  HODU  phase  is  found  on  north  and  north- 
west slopes  below  8,000  feet  (2,440  m)  and  on  east  slopes 
as  well  at  higher  elevations.  Typically,  the  HODU  phase 
occupies  canyon  slopes  and,  occasionally,  upper  ridge 
slopes. 

The  MUVI  phase  occupies  an  elevational  range  from 
7,000  to  8,500  feet  (2,135  to  2,590  m]  or  more.  At  higher 
elevations,  sites  occupied  by  the  phase  are  typically 
south  facing,  tending  towards  cooler  east  aspects  as 
elevation  decreases. 

The  various  phases  of  this  habitat  type  may  be 
related,  in  part  to  the  wide  variation  of  soil  parent 


Figure  8.— >tb/es  concolor/Quercus  gambelii  habitat  type,  Muhlen- 
bergia  vifoscens  phase.  Plot  821,  Mill  Canyon,  Lincoln  National 
Forest  (8,660  feet  or  2,640  m).  This  plot  exemplifies  the  young 
mixed  conifer  understory  with  a  Pinus  ponderosa  overstory.  Muh- 
lenbergia  virescens  a  dominant  grass. 


materials,  stoniness,  and  depth.  These  relationships, 
however,  are  not  clear  at  the  present  time. 

Ecotones  and  adjacent  habitats.— According  to  Moir 
and  Ludwig  (1979),  the  typic  phase  probably  is  charac- 
terized by  moderate  regimes  of  temperature  and  mois- 
ture with  respect  to  the  environmental  gradient  within 
mixed  conifer  forests.  Under  more  moist  situations,  the 
HODU  phase  is  the  most  prominent  adjacent  community, 
but  any  of  the  more  mesic  habitat  types  also  may  occupy 
a  similar  position.  In  turn,  the  HODU  phase  is  bordered 
by  the  more  mesic  ABCO/ACGL  HT  (HODU  phase),  with 
the  ecotone  between  the  two  types  recognized  by  a  de- 
crease in  Quercus  gambelii  and  an  increase  in  Acer 
gJabrum.  Furthermore,  many  areas  occupied  by  the 
HODU  phase  are  spatially  narrow  because  of  sharp 
local  topographical  differences.  Under  certain  instances 
where  site  conditions  are  not  limiting,  the  typic  phase 
may  be  bordered  by  the  MUVI  or  MUDU  phases  of  the 
ABCO/QUGA  HT. 

As  sites  occupied  by  the  typic  phase  gradate  toward 
drier  conditions,  the  existing  vegetation  is  replaced  by 
more  xeric  associations  such  as  the  PSME/QUGA  HT  or 
various  habitat  types  of  the  Pinus  ponderosa  series.  It 
also  may  be  bordered  on  the  drier  fringes  by  the  MUDU, 
MUVI,  and  FEAR  phases  of  the  ABCO/QUGA  HT.  Under 
restricted  topographical  conditions,  the  MUDU  phase 
can  lie  adjacent  to  pinyon-juniper  woodlands,  and  as  a 
consequence,  it  is  the  lowest  elevational  representative 
of  the  Abies  concolor  series. 

Discussion.— The  ABCO/QUGA  HT  had  been  described 
previously  by  Moir  and  Ludwig  (1979),  who  recognized 
the  typic  and  two  other  phases— MuhJenbergia  vires- 
cens and  Festuca  arizonica.  Two  additional  phases, 
HoJodiscus  dumosus  and  MuhJenbergia  dubia,  were 
defined  by  this  study. 

Not  only  is  the  ABCO/QUGA  HT  the  most  extensive 
habitat  type  on  the  Lincoln  National  Forest,  but  its 
widespread  distribution  and  utilization  make  it  an  im- 
portant type  throughout  the  Southwest.  According  to 
Moir  and  Ludwig  (1979),  most  of  the  type  lies  in  commer- 
cial forests  and  also  within  grazing  allotments.  In  addi- 
tion, deer  and  other  wildlife  benefit  from  oaks  and  other 
undergrowth  species.  Its  division  into  phases  reflects 
shifts  in  the  complex  environmental  factors  to  which  the 
plant  association  responds.  The  HODU  phase  lies  at  the 
mesic  end  of  the  moisture  gradient,  while  the  MUVI, 
FEAR,  and  MUDU  phases  represent  more  xeric  condi- 
tions for  this  type.  Although  the  relative  dominance  be- 
tween various  grasses  and  oak  in  different  phases  of  the 
type  is  not  readily  explained,  the  cause  may  be  related 
to  soil  variability,  especially  in  regard  to  rooting  volume 
and  stoniness  (Moir  and  Ludwig  1979). 

This  habitat  type  exemplifies  low-elevation  Abies  con- 
coJor  forests,  as  evidenced  by  sites  on  the  Lincoln  Na- 
tional Forest  where  A.  concoJor  grades  into  pinyon- 
juniper  woodlands.  These  areas  are  occupied  by  the 
MUDU  phase  of  the  habitat  type.  The  two  xeric  phases 
of  the  habitat  type,  MUVI  and  MUDU,  are  not  extensive 
on  the  Forest,  and  as  a  consequence,  data  from  these 
areas  were  limited.  Further  research  is  needed  to  refine 
and  more  clearly  define  these  two  phases. 
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Abies  concoior/Sparse  undergrowth  habitat  type 
(ABCO/Sparse;  white  fir/sparse) 

Vegetation.— This  type  is  characterized  by  an  over- 
story  that  may  contain  Abies  concoJor,  Pseudotsuga 
menziesii,  Pinus  strobi/ormis,  and  P.  ponderosa,  with  a 
very  sparse  herbaceous  undergrowth— mostly  less  than 
1%,  but  occasionally  to  15%  coverage.  Moir  and  Lud- 
wig  (1979)  observed  the  Robinia  neomexicana  phase  of 
this  habitat  type  in  the  southern  half  of  New  Mexico, 
which  would  include  the  Lincoln  National  Forest.  Under- 
growth species  present  in  the  Lincoln,  although 
sporadic,  are:  Robinia  neomexicana,  Symphoricarpos 
oreophiJus,  SoJix  scouJeriana,  and  Quercus  gambeJii. 

Physical  setting.— The  ABCO/Sparse  HT  is  common 
on  north  to  east  aspects  at  elevations  of  8,000  to  9,000 
feet  (2,440  to  2,745  m].  It  may  occur  at  higher  elevations 
on  south-  to  west-facing  aspects.  This  habitat  type  is 
typical  of  cool,  dry  sites. 

Ecotones  and  adjacent  habitats.— On  drier  sites,  the 
Abies  concoJor/Quercus  gambeJii  or  the  Pseudotsuga 
menziesii/Quercus  gambelii  habitat  types  may  be  pres- 
ent at  the  ecotone.  At  cooler,  wetter  borders  of  this 
habitat  type,  stands  of  spruce-fir  forest  are  found. 

Discussion.— Further  work  is  needed  to  establish  the 
extent  of  the  Abies  concoJor/Sparse  undergrowth 
habitat  type  on  the  Lincoln  National  Forest.  Moir  and 
Ludwig  (1979)  identified  the  habitat  type  on  the  Forest, 
but  their  sample  was  limited.  No  new  stands  of  this  habi- 
tat type  were  found  on  the  Forest  during  this  study. 
Whether  the  Robinia  neomexicana  phase  or  possibly  the 
Berberis  repens  phase  occurs  here  is  difficult  to  deter- 
mine because  of  limited  data.  Fitzhugh  et  al.^  found  the 
Robinia  neomexicana  phase  of  the  habitat  type  on  the 
Gila  National  Forest,  while  DeVelice  et  al.^°  recognized 
the  Berberis  repens  phase  in  northern  New  Mexico.  The 
geographical  distinction  between  the  two  phases  is  con- 
sistent with  the  conclusions  of  Moir  and  Ludwig  (1979). 
Site  quality  in  this  habitat  type  may  be  poor  to  moderate, 
according  to  the  latter  authors. 

Abies  concoior/Jugians  major  habitat  type 
(ABCO/JUMA;  white-fir/ Arizona  walnut) 

Vegetation. — Abies  concolor  is  the  dominant  climax 
timber  species  of  this  habitat  type  (fig.  9).  Populus 
angusti/oJia,  while  nearly  always  present,  varies  in 
dominance;  it  is  sometimes  represented  only  by  one  or 
two  trees  covering  large  areas  of  any  given  plot.  Acer 
negundo  will  be  present,  but  not  as  a  canopy  dominant. 
Fraxinus  pennsylvanica  also  is  a  stand  component,  being 
more  strongly  represented  in  younger  age  classes.  Al- 
though /ugJons  major  is  only  a  minor  constituent  of  the 
overstory,  its  presence  is  diagnostic. 

Quercus  gambelii  is  not  only  a  common  species  in  this 
habitat  type,  but  it  is  sometimes  quite  abundant  consid- 
ering the  riparian  nature  of  the  vegetation.  Vitis 
arizonica  is  a  common  component  of  the  shrub  layer. 
The  density  of  Poa  pratensis,  the  only  grass  of  conse- 
quence found  in  this  habitat  type,  was  quite  high  on 


Figure  9.— Abies  concolor/Juglans  major  habitat  type.  Plot  845, 
Three  Rivers  Canyon,  Lincoln  National  Forest  (7,100  feet  or 
2,165  m).  Abies  concolor  the  climax  timber  species;  Populus 
angustifolia  also  prominent  in  overstory.  Juglans  major  common 
along  with  Quercus  gambelii  and  Vitis  arizonica. 


some  plots.  Few  forbs  show  any  constancy  whatsoever, 
and  the  only  one  to  be  found  on  all  sites  is  ThaJictrum 
fendleri. 

Physical  setting.— The  ABCO/JUMA  HT,  a  streamside, 
canyon  type,  is  found  only  in  riparian  areas  on  stream 
benches.  It  is  well  represented  near  7,000  feet  (2,135  m) 
elevation,  but  may  occur  at  lower  elevations.  Aspect 
does  not  seem  to  be  a  determinant  of  location;  rather, 
water  and  shade  probably  are  the  controlling  factors. 

Sample  stands  of  this  type  were  found  on  soils  of 
alluvial  origin.  The  soils  observed  were  very  rocky  and 
sandy  with  a  low  organic  matter  component  because  of 
frequent  flooding  and  high  stream  flows. 

Ecotones  and  adjacent  habitats.— The  ABCO/JUMA 
HT  is  restricted  to  water  courses  that  traverse  many  dif- 
ferent vegetational  zones  as  elevation  changes.  As  a 
consequence,  a  variety  of  habitat  types  may  be  found 
adjacent  to  the  ABCO/JUMA  HT.  In  lower  elevations,  the 
type  can  border  pinyon-juniper  woodlands.  With  in- 
creasing elevation,  Pinus  ponderosa  and  Pseudotsuga 
menziesii  habitat  types  appear  beside  this  riparian  type. 
Finally,  as  the  stream-course  sites  become  even  cooler 
with  additional  elevational  increases,  the  ABCO/JUMA 
HT  is  replaced  by  other  Abies  concolor  habitat  types, 
either  the  ABCO/ACGR  HT  or  the  ABCO/ACGL  HT.  Eco- 
tones involving  this  habitat  type  are  quite  abrupt  and 
narrow  because  of  the  corresponding  abrupt  change  in 
the  availability  of  water  over  short  distances  from  the 
stream  course. 

Discussion.— The  ABCO/JUMA  HT  is  a  typical 
riparian  habitat  type  that  is  quite  restricted  because  an 
adequate  water  supply  is  often  lacking  locally.  Further- 
more, the  sparseness  of  stream  courses  on  the  Lincoln 
National  Forest  also  limits  distribution. 

However,  the  habitat  type,  when  present,  provides  ex- 
cellent habitats  for  wildlife,  especially  birds,  and  may 
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be  a  critical  habitat  component  for  mammals  with  daUy 
ranges  that  extend  beyond  the  boundaries  of  the  type. 
Snags,  particularly  PopuJus  ongusti/oiia,  provide  good 
nesting  sites  for  many  species.  Because  of  its  association 
with  stream  courses  and  the  dense  canopy  that  amelio- 
rates the  microclimate,  the  habitat  type  is  used  quite 
heavily  by  wildlife  seeking  water  and  thermal  protection. 

Pseudotsuga  menziesii  Series 

Pseudotsuga  menziesii/Quercus  gambelii  habitat  type 
(PSME/QUGA;  Douglas-fir/Gambel  oak) 

Vegetation.— Pseudotsuga  menziesii  is  the  dominant 
climax  tree  species  of  this  habitat  type  (fig.  10),  whereas 
Abies  concolor  is  conspicuously  absent.  Pseudotsuga 
menziesii  is  much  more  abundant  than  in  habitat  types 
of  the  Abies  concoJor  series,  as  evidenced  by  more 
regeneration  under  the  canopy.  Pinus  strobi/ormis  can 
be  considered  subclimax  because  it  is  abundant, 
although  it  is  more  variable  than  Pseudotsuga  menziesii. 
Successionally,  Pinus  ponderosa  forms  a  disclimax  in 
this  habitat  type  because  of  its  adaption  to  fire.  Many 
climax  stands  show  evidence  of  old  fire-scarred  P.  pon- 
derosa being  replaced  by  Pseudotsuga  .menziesii  and 
Pinus  strobi/ormis.  No  regeneration  of  Pinus  ponderosa 
can  be  seen  in  the  understory.  On  many  drier  sites,  P. 
ponderosa  may  become  late  successional,  bordering  on 
a  climax  element.  Also  in  drier,  low-elevation  sites, 
Pinus  eduJis  may  be  present,  primarily  in  the  regenera- 
tion age  class.  However,  it  probably  does  not  play  a  role 
in  the  P.  ponderosa  disclimax  because  a  fire  frequency 
that  limits  establishment  of  Pseudotsuga  menziesii  may 
have  a  similar  effect  on  Pinus  eduJis.  It  also  is  not  found 
in  climax  stands  represented  by  this  habitat  type.  In  ad- 
dition to  P.  eduJis,  Juniperus  deppeana  is  occasionally 
found  on  drier  sites. 

Quercus  gambelii  (QUGA)  typic  phase.— Quercus 
gambeJii  is  the  dominant  tall  shrub  species,  with  an 
areal  coverage  of  up  to  30%  in  some  plots.  A  slight  in- 
crease in  diversity  of  shrubs  was  noticed  at  lower  eleva- 
tion sites;  especially  common  were  Cercocarpus  mon- 
tanus  and  fyius  triJobata.  The  number  of  grass  species 
increases  in  this  habitat  type  over  that  found  in  the 
Abies  concoJor  series.  Bromus  richardsonii  is  a  common 
species,  while  other  species  of  a  sporadic  nature  include 
Poa  /endJeriana,  MuJiJenbergia  pauciflora,  Sitanion 
hystrix,  and  Stipa  pringJei.  Forbs  found  in  the  type  are 
characteristic  of  more  mesic  sites;  ChaptaJia  aJsophiJa  is 
common,  but  Galium  boreaJe,  Lathyrus  arizonicus,  and 
Pseudocymopterus  montanus  also  can  be  expected  in 
the  undergrowth. 

Hoiodiscus  dumosus  (HODU)  phase.— Because  of  its 
more  mesic  character,  this  phase  of  the  habitat  type  has 
fewer  Pinus  ponderosa,  especially  in  older  stands.  Pinus 
edulis  is  only  accidental,  and  Juniperus  deppeana  is 
rare.  HoJodiscus  dumosus  is  diagnostic  for  delineating 
the  phase,  but  Quercus  gambelii  is  stUl  quite  abundant 
and  always  intermixed  vdth  HoJodiscus  dumosus.  Gener- 
ally, the  diversity  of  grasses  decreases  in  this  phase — 


Figure  ^0.— Pseudotsuga  menziesii/Quercus  gambelii  habitat  type, 
Hoiodiscus  dumosus  phase.  Plot  860,  Wet  Burnt  Canyon,  Lincoln 
National  Forest  (7,280  feet  or  2,220  m).  Abies  concolor  absent, 
Pseudotsuga  menziesii  dominant,  Pinus  strobHormis  and  Pinus 
ponderosa  common  particularly  on  serai  sites;  Quercus  gambelii 
the  dominant  shrub. 

Bromus  richardsonii  is  quite  constant,  while  other 
species  are  rare.  Forbs  increase  in  both  diversity  and 
constancy;  ChaptaJia  aJsophiJa',  Cystopteris  /ragiJis, 
GaJium  boreaJe,  Geranium  caespitosum,  Pseudocymop- 
terus montanus,  Senecio  sacramentanus,  SmiJicina  spp., 
and  ThaJictrum  /endJeri  can  be  expected  in  the  her- 
baceous layer. 

Physical  setting.— Both  the  QUGA-  typic  and  HODU 
phases  can  be  found  on  canyon  sideslopes  and  ridgetops 
at  elevations  ranging  from  7,200  to  8,500  feet  (2,195  to 
2,590  m).  The  HoJodiscus  dumosus  phase  is  situated  on 
northwest  to  northeast  aspects,  whereas  the  typic  phase 
is  not  limited  to  any  particular  aspect.  In  many  cases, 
the  organic  layer  at  the  mineral  soil  surface  was  poorly 
developed,  and  sites  were  rocky. 

Ecotones  and  adjacent  habitats.— At  higher  eleva- 
tions, the  habitat  type  may  occur  as  a  pocket  within 
habitat  types  of  the  Abies  concoJor  series,  while  dry 
south  slopes  may  exhibit  the  typic  phase,  which  com- 
monly borders  Pinus  ponderosa  habitat  types  at  lower 
elevations.  The  HoJodiscus  dumosus  phase  borders 
Abies  concoJor  habitat  types  and  at  lower  elevations  is 
found  on  north-facing  slopes.  Because  this  single  habitat 
type  of  the  Pseudotsuga  series  borders  habitat  types  of 
two  other  distinct  series,  the  transition  often  is  obvious; 
decreasing  densities  of  Abies  concolor  and  Pinus  pon- 
derosa as  climax  species  at  higher  and  lower  elevations, 
respectively,  signify  the  change  in  habitat. 

Discussion.— Because  of  increased  exclusion  of  fire, 
vegetation  in  the  habitat  type  is  approaching  a  climax 
state  and,  as  a  result  of  higher  stocking  densities,  com- 
petition between  climax  Pseudotsuga  menziesii  and 
serai  Pinus  ponderosa  most  likely  has  intensified.  As  a 
consequence,  the  productivity  of  Pinus  ponderosa  prob- 
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ably  is  lowered.  The  increased  fire  hazard  from  heavier 
fuel  accumulations  has  been  discussed  earlier. 

It  is  noteworthy  that  the  habitat  type  is  absent  from 
certain  localities  on  the  Forest.  Large  areas  on  the  east- 
ern slope  of  the  Sacramento  Mountains  are  covered  by 
this  habitat  type,  but  northern  flanks  of  mountains  else- 
where on  the  Lincoln  generally  do  not  exhibit  such  large 
areas  of  the  PSME/QUGA  HT.  These  geographical  dif- 
ferences in  distribution  probably  are  related  to  climatic 
variations  attributable  to  topographical  differences. 


PONDEROSA  PINE  HABITAT  TYPES 

Pinus  ponderosa  Series 

Pinus  ponderosa/Quercus  gambelii  habitat  type 
(PIPO/QUGA;  ponderosa  pine/Gambel  oak) 

Vegetation.— Pinus  ponderosa  is  the  dominant  climax 
timber  species  in  the  PIPO/QUGA  HT  (fig.  11),  while  all 
other  mixed  conifer  species  are  absent,  with  the  excep- 
tion of  the  rare  occurrence  of  Pseudotsuga  menziesii  and 
Pinus  strobi/ormis.  Pinus  eduJis  and  Juniperus  deppeana 
are  common,  but  are  not  dominant  elements  of  the 
overstory. 

Quercus  gambelii  is  the  only  shrub  that  consistently 
grows  in  this  habitat  type,  often  forming  dense  clumps. 
Prominent  grass  species  include  Poa  /endleriana  and 
KoeJeria  pyromidata  (K.  cristata),  with  Poa  /endleriana 
occurring  most  consistently.  These  two  species  are  con- 
sidered relatively  better  adapted  to  mesic  conditions 
compared  to  grasses  of  drier  Pinus  ponderosa  habitat 
types.  Artemisia  spp.  are  usually  present,  A.  Judoviciona 
being  common;  Erigeron  spp.  and  Lithospermum  muJti- 
florum  also  are  common  forbs. 

Physical  features.— The  PIPO/QUGA  HT  is  generally 
found  on  canyon  side  slopes  or  upper  ridges  of  north- 
west, north,  and  northeast  exposures  at  elevations  near 
7,000  feet  (2,135  m).  Patches  of  exposed  mineral  soil 
often  can  be  found  in  open  areas,  along  vdth  evidence  of 
surface  runoff.  Also,  accumulation  of  oak  and  conifer  lit- 
ter may  be  high  under  a  closed  canopy. 

Ecotones  and  adjacent  habitats.— At  the  lower  eleva- 
tional  limits  of  this  habitat  type,  transition  to  either  the 
drier  Pinus  ponderosa/Quercus  unduJata  habitat  type  or 
to  pinyon-juniper  woodlands  occurs.  Transitions  at 
upper  elevations  are  usually  to  the  more  mesic  PSME/ 
QUGA  or  ABCO/QUGA  habitat  types. 

Discussion.— This  habitat  type  does  not  appear  to  be 
extensive  on  the  Lincoln  National  Forest.  It  may, 
however,  be  more  widely  distributed  on  the  Mescalero 
Apache  Indian  Reservation,  since  larger  geographical 
areas  lie  within  the  normal  elevational  range  of  the 
habitat  type. 

The  PIPO/QUGA  HT  is,  perhaps,  under-sampled  in 
this  study,  primarily  because  of  disturbance  that  was 
particularly  evident  near  Ruidoso,  N.  Mex.  Logging, 
which  was  extensive  in  this  area,  commonly  removed  all 
mature  trees  and  left  young  stands  with  few  clues  as  to 
the   climax    conditions.    Consequently,  successional 


Figure  11.— Pinus  ponderosa/Quercus  gambelii  habitat  type.  Plot 
830,  Windy  Canyon,  Lincoln  National  Forest  (6,920  feet  or 
2,110  m).  Pinus  ponderosa  dominant;  no  mixed  conifer  species; 
Quercus  gambelii  abundant. 


studies  are  needed  to  establish  the  extent  of  forest 
covered  by  this  habitat  type,  which  is  similar  to  serai 
stages  of  the  PSME/QUGA  HT. 

Pinus  ponderosa/Quercus  undulata  habitat  type 
(PIPO/QUUN;  ponderosa  pine/wavyleaf  oak) 

Vegetation.— Pinus  ponderosa  is  the  climax  dominant 
tree  species  in  the  three  phases  of  this  habitat  type  (fig. 
12).  Pinus  edulis  and  Juniperus  deppeana  are  minor 
climax  species,  and  are  more  abundant  in  the  Quercus 
undulata  phase  than  the  other  two  phases. 


Figure  12.— Pinus  ponderosa/Quercus  undulata  habitat  type.  Plot 
817,  Upper  Carr  Canyon,  Lincoln  National  Forest  (6,980  feet  or 
2,120  m).  Pinus  ponderosa  dominsies  canopy,  with  Juniperus 
deppeana  and  Pinus  edulis  present.  Quercus  undulata  very  abun- 
dant, over  5%  of  site  covered. 
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Quercus  undulata  is  the  diagnostic  undergrowth 
species  for  the  habitat  type,  being  most  abundant  in  the 
QUUN  phase  and  decreasing  to  5%  coverage  in  the 
others.  It  readily  hybridizes  with  other  species  of  oak, 
especially  Quercus  gombelii  and  Q.  grisea,  making  iden- 
tification difficult.  Generally,  characteristics  of  Quercus 
unduJata  are  evident  in  all  oak  species  in  this  habitat 
type. 

MuhJenbergia  dubia  is  a  consistent  component  of  the 
grassy  vegetation  comprising  this  habitat  type.  Other 
grass  species  commonly  found  in  all  phases  of  the 
habitat  type  include  Aristida  orizonica,  Bouteloua  curti- 
penduJa,  Lycurus  phleoides,  and  Schizachyrium 
scoporium  (Andropogon  scoporiusj.  The  forb  layer  is  not 
well  developed:  however,  Artemisia  ludoviciana, 
Erigeron  divergens,  and  Lithospermum  multi/lorum  are 
common. 

Quercus  unduJata  (QUUN)  typic  phase.— This  typic 
phase  of  the  habitat  type  can  be  distinguished  by  the 
high  oak  coverage,  ranging  between  5%  and  15%.  Muh- 
Jenbergia dubia  and  M.  emersJeyi  each  have  a  coverage 
of  about  1%. 

Muhlenbergia  dubia  (MUDU)  phase.— The  diagnostic 
species  identifying  this  grassy  phase  is  MuhJenbergia 
dubia,  covering  3%  to  8%  of  the  ground  surface.  Muh- 
Jenbergia emersJeyi  also  is  found  in  this  phase,  often  as 
abundant  as  M.  dubia. 

Lower  coverage  values  for  Quercus  undulata  (less 
than  5%)  and  resultant  higher  coverage  values  for  M. 
dubia  (greater  than  1%)  help  to  distinguish  this  phase 
from  the  QUUN  phase. 

MuhJenbei:gia  longiligula  (MULO)  phase.— This  phase 
is  characterized  by  the  dominance  of  M.  JongiJiguJa, 
although  M.  dubia  vidll  occasionally  be  present.  Pipto- 
chaetium  fimbriatum  and  BouteJoua  graciJis  also  are 
abundant  components  of  this  phase. 

Physical  features.— The  PIPO/QUUN  HT  occupies 
nearly  all  topographical  situations  and  all  aspects,  most 
commonly  south  to  southeasterly.  It  is  found  between 
6,500  and  8,000  feet  (1,980  and  2,440  m).  As  in  the  PIPO/ 
QUGA  HT,  exposed  mineral  soil  and  evidence  of  surface 
runoff  can  be  observed,  but  usually  there  is  a  well- 
developed  litter  layer  from  high  coverage  of  oaks  and 
grasses. 

Ecotones  and  adjacent  habitats— The  PIPO/QUUN 
HT  is  the  driest  habitat  type  of  the  Pinus  ponderosa 
series.  The  QUUN  phase  of  this  habitat  type  borders 
pinyon-juniper  woodlands.  The  MUDU  phase  of  the  habi- 
tat type  adjoins  either  the  QUUN  phase  or  gradates 
directly  into  pinyon-juniper  types  on  the  Lincoln  Na- 
tional Forest  (Kennedy  1983).  Within  the  Sacramento 
Mountains,  the  spatial  transition  from  the  MUDU  phase 
into  the  QUUN  phase  can  be  gradual  as  Quercus  un- 
duJata slowly  increases  in  abundance.  The  MULO  phase 
of  this  habitat  type  tends  to  be  found  in  islands  vdthin 
areas  covered  by  the  MUDU  phase.  The  upper  eleva- 
tional  limits  of  the  PIPO/QUUN  HT  are  bordered  by 
either  the  PIPO/QUGA  HT  or  the  PSME/QUGA  HT, 
depending  on  the  abruptness  of  the  transition  to  wetter, 
cooler  conditions. 


Discussion.— The  PIPO/QUUN  HT,  while  not  extensive, 
is  distributed  throughout  the  Lincoln  National  Forest.  It 
is,  however,  restricted  to  rather  narrow  elevational  belts 
lying  between  the  pinyon-juniper  and  mixed  conifer 
forests.  Historically,  fire  probably  was  an  important  ele- 
ment in  the  successional  development  of  this  habitat  type, 
observational  evidence  suggesting  that  such  fires  burned 
with  high  intensities  but  low  frequencies. 

Of  interest  is  the  diversity  of  this  type  on  the  eastern 
flank  of  Capitan  Peak.  Chinquapin  oak,  Quercus  mueh- 
Jenbergii,  may  appear  on  canyon  soils  where  this  type 
occurs.  On  canyon  sideslopes,  much  more  pinyon- 
juniper  is  found  mixed  with  Pinus  ponderosa. 

SUMMARY  AND  CONCLUSIONS 

There  are  13  forest  habitat  types  on  the  Lincoln  Na- 
tional Forest.  Types  range  from  the  cold  Picea  engeJ- 
mannii  series  through  the  warm  Pinus  ponderosa  series. 
This  study  partitioned  forest  diversity  into  recognizable 
taxonomic  units.  The  ultimate  objective  of  providing 
land  managers  with  predictive  capabilities  can  be 
realized  only  by  refinement  of  the  classification  and  by 
correlating  management  implications  with  habitat 
types.  The  refining  process  may  be  accomplished  best 
by  successional  studies,  which  will  identify  the  serai 
stages  in  the  ecosystem  preceding  the  climax  stage. 
Similarly,  synthesis  of  existing  information  and  addi- 
tional research  are  needed  to  more  fully  understand  the 
response  of  habitat  types  to  natural  and  human-related 
activities. 

The  Picea  engeJmannii  and  Abies  Jasiocarpa  series 
are  found  at  high  elevations  in  the  Sacramento  Moun- 
tains, White  Mountains,  and  Capitan  Mountains.  These 
series  represent  the  coldest  and  snowiest  forested  types 
of  the  southwestern  United  States.  However,  the 
description  of  these  high-elevation  spruce-fir  habitat 
types  differs  from  related  types  in  the  northern  parts  of 
the  Rocky  Mountains  (Daubenmire  1943,  1952;  Oosting 
and  Reed  1952;  Ellison  1954;  Langenheim  1962;  Pfister 
et  al.  1977;  Steele  et  al.  1981).  These  differences  prob- 
ably result  from  the  combined  effect  of  isolation  and 
lack  of  genetic  exchange  between  forests  of  southern 
New  Mexico  and  other  areas. 

The  Picea  pungens  series  is  a  very  restricted  group  of 
habitat  types,  and  is  not  an  extensive  timber  producer  in 
the  Southwest  or  on  the  Lincoln  National  Forest  in  par- 
ticular. Habitat  types  of  this  series  are  indicative  of  cool, 
moist  canyons  at  mid-elevations.  These  attractive  sites 
have  historically  been  exploited,  and  few  stands  remain 
that  exhibit  even  remnants  of  pristine  conditions. 

The  most  extensive  series  on  the  Lincoln  National 
Forest  is  Abies  concoJor,  which  exhibits  a  great  diversi- 
ty of  habitat  types  because  of  its  wide  amplitude.  Timber 
species  within  the  series  include  the  lower  valued  Abies 
and  other  softwoods  of  higher  value — Pseudotsuga  men- 
ziesii,  Pinus  strobi/ormis,  and  P.  ponderosa.  Site  condi- 
tions in  the  series  range  from  mesic  habitat  types  where 
dominance  by  Abies  is  expressed  in  early  successional 
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stages,  to  the  drier  types  in  which  the  more  valuable 
species  dominate  the  serai  stages,  although  Abies 
ultimately  occupies  the  climax  position. 

An  interesting  question  is  posed  by  the  Pseudotsuga 
menziesii  series:  Is  it  a  climatic  climax,  an  edaphic 
climax,  or  are  pure  stands  of  P.  menziesii  a  result  of  a 
lack  of  an  Abies  concoJor  seed  source?  Furthermore, 
Pseudotsuga  stands  must  be  critically  evaluated  to 
determine  if  the  type  is  maintained  by  disturbance  to  the 
exclusion  of  Abies,  or  if  it  is  truly  a  response  to  climatic 
or  edaphic  conditions.  The  lack  of  a  seed  source  ap- 
parently can  be  ruled  out  because,  in  this  study,  stands 
lacking  A.  concoJor  were  found  adjacent  to  P.  menziesii 
stands  in  which  A.  concoJor  reproduction  was  abundant. 
While  no  disturbance  was  observed  in  these  P.  menziesii 
stands  to  account  for  the  absence  of  A.  concoJor,  sites 
probably  exist  where  disturbance  is  the  contributing 
factor.  Disturbance  most  often  is  caused  by  low- 
intensity  fires  and  biotic  agents  such  as  mistletoe  which, 
by  opening  the  canopy,  expose  the  site  to  the  inhibiting 
effects  of  intense  solar  radiation  on  the  establishment  of 
shade-tolerant  species  such  as  A.  concoJor  (Ronco  1970, 
Jones  1974). 

The  Pinus  ponderosa  series  on  the  Lincoln  National 
Forest  has  high  commercial  value,  but  it  is  relatively 
small  in  size,  occupying  the  area  between  pinyon-juniper 
woodlands  and  mixed  conifer  forests.  Quite  often  it  is 
absent  or  occupies  a  narrow  transition  zone  between 
the  two  cover  types.  Prior  to  exclusion  of  low-intensity 
fires,  disclimax  P.  ponderosa  types  extended  into  the 
ecotones  of  other  forest  series  at  lower  and  higher 
elevations.  Stands  in  the  P.  ponderosa  series  often  were 
highly  disturbed  from  catastrophic  fires  as  a  result  of  in- 
creased fuels  accumulated  since  fire  control  measures 
were  initiated.  Consequently,  locating  stands  in  which  to 
sample  was  difficult  in  the  present  study.  Grazing  also 
has  commonly  contributed  to  the  general  disturbance  in 
this  series,  particularly  in  the  Sacramento  Mountains 
where  it  has  completely  altered  the  species  composition 
in  many  instances.  Because  of  such  widespread  disturb- 
ance, use  of  this  classification  and  appropriate  keys 
may  be  difficult. 

Disturbance  has  had,  and  probably  wdll  continue  to 
have,  a  major  ecological  impact  on  the  Lincoln  National 
Forest.  Prior  to  European  settlement,  fire  was  the  major 
disturbance,  and  as  a  natural  part  of  the  ecosystem, 
exerted  adaptive  pressures  on  species  inhabiting  the 
ecosystem.  This  adaptability  is  most  evident  in  Pinus 
ponderosa  forests.  In  sampling  these  forests  during  this 
study,  it  became  apparent  that  pure,  or  nearly  pure, 
stands  of  P.  ponderosa  once  occupied  a  larger  area  than 
they  do  today,  as  evidenced  by  the  mature  overstory  of 
P.  ponderosa  being  replaced  by  more  tolerant  mixed 
conifer  species  such  as  Pseudotsuga  menziesii  and  Abies 
concolor.  Given  the  assumption  that  Pinus  ponderosa  is 
less  susceptible  to  fire  than  some  of  the  other  mixed  con- 
ifer species,  the  conclusion  can  be  drawn  that  these 
stands  were  once  a  P.  ponderosa  disclimax.  In  order  to 
address  these  obvious  successional  changes,  land  man- 
agers must  be  aware  of  their  existence  and  adopt  fire 
management    policies    and    sUvicultural    systems  to 


favor— depending  on  management  objectives— one  or 
more  species  having  different  degrees  of  fire  and  shade 
tolerances. 
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APPENDIXES 


Appendix  A.  Keys  to  the  Climax  Forrest  Series  and  Habitat  Types  of  the  Lincoln  National  Forest 


Keys  for  series  and  habitat  types  on  the  Lincoln  Na- 
tional Forest  are  presented  in  this  section.,  The  first  step 
in  using  keys  in  habitat  type  classification  is  to  deter- 
mine the  series  level  of  a  particular  site  through  identifi- 
cation of  climax  overstory  tree  species.  A  climax  species 
is  well  represented  in  the  overstory  of  mature  stands, 
and  also  is  reproducing  in  the  understory.  In  contrast, 
younger  stands  will  have  reproduction  of  the  climax 
species  under  the  canopy,  even  though  older  individuals 
of  the  species  may  not  be  present  in  the  overstory.  Field 
investigators  must  judge  whether  such  reproduction  will 
grow  to  maturity  to  become  the  climax  dominant  when 
the  stand  matures.  This  determination  becomes  more 
difficult  the  younger  the  stand,  especially  in  the  Abies 
concoJor  series.  Similarly,  the  Pinus  ponderosa  series 
also  wdll  present  problems  in  that  reproduciton  may  be 
sparse  on  drier  sites,  forcing  investigators  to  search 
carefully  for  P.  ponderosa  reproduction  in  the 
ponderosa  pine/pinyon-juniper  ecotone. 

Furthermore,  diagnostic  species  may  not  always  be 
present  in  a  particular  stand  because  of  the  lack  of  a 
seed  source  or  disturbance.  In  such  instances,  the  in- 
vestigator must  compare  the  site  in  question  to  written 
descriptions  in  order  to  correctly  identify  the  habitat 
type.  Similarly,  when  choices  in  the  keys  are  not  clear 
because  of  site  conditions,  written  descriptions  and 
synoptic  tables  should  be  used  to  distinguish  between 
types. 

Al.  Key  to  Climax  Forest  Series 

1.     PIEN  or  ABLA  present  in  overstory,  or  regeneration 
sufficient   to    confirm   their    status    as  climax 

dominants;  PIPU  rare,  usually  absent  2 

1.     PIEN  and  ABLA  absent,  or  if  present,  then  PIPU 

also  prominent  3 

2.  ABLA  present  in  overstory  and/or  as  repro- 
duction  ABLA  series 

2.    ABLA  absent  or  accidental  PIEN  series 

3.     PIPU  present  in  overstory  and/or  as  reproduc- 
tion  PIPU  series 

3.     PIPU  absent;  ABCO,  PSME,  or  PIPO  present  4 

4.  ABCO  present  in  overstory,  or  prominent  in 
understory.  ABCO  not  accidental,  truly  climax. 
Other   species   present   but   not   as  climax 

dominants   ABCO  series 

4.    ABCO  absent  or  accidental,  not  a  dominant 

component  of  the  overstory  or  understory  5 

5.     PSME  clearly  the  dominant  climax  species;  PIPO 

late  successional;  ABCO  absent  or  accidental  

 PSME  series 

5.     PSME  not  a  strong  element  of  either  overstory  or 
understory.  PIPO  the  climax  dominant  -  PIPO  series 


A2.  Key  to  Picea  engeJmonnii,  Abies  Jasiocorpa,  and 

Picea  pungens  Series  Habitat  Types 
1.     PIPU  present  in  overstory  and/or  as  reproduction  — 

 PIPU/FROV  HT 

1.     PIPU  absent  or  accidental  2 

2.    ABLA  present  in  overstory  and/or  as  reproduc- 
tion  ABLA/SESA  HT 

2.    ABLA  absent  of  accidental  3 

3.     Low  elevation  forests,  Sacramento  Mountains;  Acer 

 PIEN/ACGL  HT 


1. 


3. 


5. 


5. 


gJabrum  present  

3.     High   elevation   forests,   Capitan   Peak;  Elymus 
triticoides  present  PIEN/ELTR  HT 

A3.  Key  to  Abies  concoJor  Series  Habitat  Types 


Acer  grondidentatum  present 
association  with  A.  gJabrum  — 
la.  HoJodiscus  dumosus  absent 


and  dominant  in 
-  ABCO/ACGR  HT 


lb.  HoJodiscus  dumosus  present 


ACGR  typic  phase 


HODU  phase 


Acer  grondidentatum  absent,  or  not  dominant  in 

association  vdth  A.  gJabrum  2 

2.    Capitan   Mountain   sites,   EJymus  triticoides 

abundant  ABCO/ELTR  HT 

2.    Other  locations,  Elymus  triticoides  rare  3 

Acer  gJabrum  substantial  shrub  component,  Pinus 

ponderosa  absent  or  accidental  ABCO/ACGL  HT 

3a.  HoJodiscus  dumosus  present  —  HODU  phase 
Acer  gJabrum  absent;  HoJodiscus  dumosus  may  be 
present,  but  not  associated  wdth  A.  gJabrum;  Pinus 

ponderosa  common  4 

4.    Riparian  sites.  Juglans  major  present,  Populus 


angusti/oJia  sometimes  present 


4. 


Non-riparian  sites. 
angusti/oJia  absent 


 ABCO/JUMA  HT 

JugJons  major  and  PopuJus 

 5 

Understory  extremely  sparse  over  wride  areas  (not 
isolated  pockets).  Virtually  no  shrub  representa- 
tion; grass  cover  under  2%,  diversity  extremely 

low  ABCO/Sparse  HT 

Understory  well  represented.  Shrubs  a  definite 
component;  Quercus  gambeJii  prominent  (5%  or 
greater  coverage);  grasses  well  represented  


5a. 


5b. 
5c. 
5d. 


 ABCO/QUGA  HT 

HoJodiscus  dumosus,  Festuca  arizonica, 
JVfuJiJenbergia    virescens,    and    M.  dubia 


absent 


QUGA  typic  phase 


HoJodiscus  dumosus  present  —  HODU  phase 

Festuca  arizonica  dominant  FEAR  phase 

MuJilenbergia  virescens  dominant  

MUVI  phase 


5e.  MuJiJenbergia  dubia  dominant 


MUDU  phase 
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A4.  Key  to  Pseudotsuga  menziesii  Habitat  Types 
1.     Quercus  gambelii  the  dominant  tall  shrub  — 


PSME/QUGA  HT 
la.  HoJodiscus  dumosus  absent;  grass  diversity 

high  QUGA  typic  phase 

lb.  HoJodiscus  dumosus  present;  grass  diver- 
sity low,  Bromus  richardsonii  common  

 HODU  phase 


A5.  Key  to  Pinus  ponderosa  Habitat  Types 
1.     Quercus  gambelii  the  prominent  oak,  no  evidence  of 
hybridization  with  Q.  unduJata.  PIPO/QUGA  HT 


1.  Quercus  gambelii  not  the  prominent  oak,  absent  or 
clearly  hybridizes  vdth  Quercus  unduJata,  the  dom- 
inant oak  PIPO/QUUN  HT 

la.  Quercus  unduJata  greater  than  5%  cover. 
MuJiIenbergia  dubia  usually  less  than  5% 
cover  QUUN  typic  phase 

lb.  Quercus  unduJata  with  less  than  5%  cover. 
MuWenbergia  dubia  wdth  higher  coverages 
 MUDU  phase 

Ic.  MuJiJenbergia  JongiJiguJa  present  


MULO  phase 


Appendix  B.  Plant  List  of  All 
Trees 

Abies  concoJor 
Abies  Jasiocarpa 
Acer  negundo 
Fraxinus  pennsyJvanica 
JugJans  major 
/uniperus  deppeana 
/uniperus  monosperma 
/uniperus  osteosperma 
/uniperus  scopuJorum 
Picea  pungens 
Picea  engeJmannii 
Pinus  eduJis 
Pinus  ponderosa 
Pinus  strobi/ormis 
PopuJus  angusti/oJia 
PopuJus  tremuJoides 
Pseudotsuga  menziesii 

Shrubs 

Acer  gJabrum 
Acer  grandidentatum 
Berberis  /remontii 
Berberis  repens 
Ceanothus  /endJeri 
Cercocorpus  montanus 
Cornus  stoJonifera 
FaJJugia  paradoxa 
FendJera  rupicoJa 
Gutierrezia  sarothrae 
HoJodiscus  dumosus 
/amesia  americana 
I^nicera  invoJucrata 
Parthenocissus  inserta 
Physocarpus  monogynus 
Prunus  virginiana 
PteJea  trifoliata 

(P.  angusti/oJiaj 
Quercus  gambeJii  , 
Quercus  grisea 
Quercus  mueJiJenbergii 
Quercus  unduJata 
Quercus  X  (hybrid) 
flhamnus  betuJae/oJia 


Species  IdentiHed  in  Study ^ 

Shrubs — continued 

Rhamnus  caJifornica 

flhus  radicans 

Rhus  triJobata 

flibes  spp. 

Ribes  cereum 

Ribes  inerme 

Ribes  montigenum 

Ribes  pinetorum 

Flibes  wolfii 

Robinia  neomexicana 

Rosa  spp. 

Rosa  arizonica 

Rubus  porvi/lorus 

Rubus  strigosus 

SaJix  scouleriana 

Sambucus  gJauca 

Sambucus  microbotrys 

Symphoricorpos  oreophiJus 

Vitis  arizonica 

Yucca  angustissima 

Yucca  haccata 

Graminoids 

AgropjTon  trachycauJum 
Andropogon  gerardi 
Andropogon  pseudorepens 
Aristida  arizonica 
BJepharoneuron  trichoJepis 
BouteJoua  curtipenduJa 
Bouteloua  graciJis 
Bromus  spp. 
Bromus  morginatus 
Bromus  richardsonii 
Carex  spp. 
Carex  foenea 
Carex  occidentaJis 
Carex  rossii 
Carex  siccata 
Cyperus  /endJerianus 
DactyJis  gJomerata 


'Nomenclature  and  authority  (not  shown)  follow  that  of  Lehr 
(1978). 
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Appendix  B — continued 


Graminoids — continued 

Elymus  ambiguus 
Elymus  gJaucus 
Elymus  triticoides 
Festuca  arizonica 
Festuca  sororia 
Festuca  thurberi 
/uncus  baJticus 
Koeleria  pyramidata 

(K.  cristata) 
LuzuJa  poTviflora 
Lycurus  phleoides 
MelicQ  porteri 
MuhJenbergia  dubia 
MuhJenbergia  emersleyi 
MuhJenbergia  longiJiguJa 
MuhJenbergia  montana 
MuJilenbergia  pauciflora 
MuhJenbergia  virescens 
Panicum  buJbosum 
Piptochaetium  /imbriatum 
Poa  annua 
Poa  fendJeriona 
Poa  interior 
Poa  Jeptocoma 
Poa  occidentaJis 
Poa  paJustris 
Poa  pratensis 
Schizachyrium  cirratum 
Schizachyrium  scopari  um 

(Andropogon  scopariusj 
Sitanion  hystrix 
Stipa  spp. 
Stipa  coJumbiana 
Stipa  Jettermanii 
Stipa  pringJei 
Trisetum  montanum 

Forbs 

AchiJJea  miJJe/oJium 

(A.  lanuJosa] 
Actaea  arguta 
Agoseris  gJauca 
AJJium  spp. 
AJlium  cernuum 
Androsace  occidentaJis 
Antennaria  parvifolia 
AquiJegia  eJegantuJa 
Arabis  fendJeri 
Arenaria  spp. 
Arenaria  Januginosa 
Artemisia  carruthii 
Artemisia  dracuncuJus 
Artemisia  /rigida 
Artemisia  Judoviciona 
Astragalas  spp. 
AstragaJus  rusbyi 


Forbs — continued 

Bahia  dissecta 
Bidens  bipinnata 
BricJceJJia  caJi/ornica 
BricJceUia  grandiflora 
CaJIiandra  humiJis 
CampanuJa  rotundi/oJia 
CastiJJeja  spp. 
ChaptaJia  aJsophiJa 
Chenopodium  aJbum 
ChimaphiJa  umbeJJata 
Cirsium  parryi 
Clematis  Jigustici/oJia 
Clematis  pseudoalpina 
CommeJina  dianthi/oJia 
CoraJJorhiza  macuJata 
CoraJJorhiza  wisteriana 
Cystopteris  /ragiJis 
DeJphinium  spp. 
Draba  aurea 
Draba  heJJeriana 
DugaJdia  hoopesii 

fHeJenium  hoopesii] 
EpiJobium  angusti/oJium 
Erigeron  divergens 
Erigeron  flageJJaris 
Erigeron  macranthus 
Erigeron  pJatyphyJJus 
Erigeron  superbus 
Eriogonum  spp. 
Eriogonum  jamesii 
Erodium  cicutarium 
Erysimum  capitatum 
Eupatorium  herbaceum 
Euphorbia  /endJeri 
Euphorbia  Jurida 
Euphorbia  paJmeri 
Fragaria  bracteata 
Fragaria  ovalis 
GaJium  spp. 
GaJium  asperrimum 
GaJium  boreaJe 
GaJium  microphyJJum 
GaJium  triflorum 
GaJium  wrightii 
Geranium  caespitosum 
Geranium  richardsonii 
Goodyera  obJongi/oJia 
Habenaria  sparsi/Jora 
HapJopappus  porryi 
Hedeoma  drummondii 
Hedeoma  obJongi/oJium 
Heterotheca  fulcrata 
Heuchera  parvifolia 
Hieracium  fendleri 
Hymenoxys  richardsonii 
Ipomopsis  aggregata 
Iris  missouriensis 
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Appendix  B— continued 

Forbs— continued 

Pteridium  aquiJinum 

PyroJa  secunda 

RanuncuJus  inamoenus 

LappuJa  redojvsidi 

RudbecJcia  laciniata 

Lathyrus  orizonicus 

Senecio  spp. 

Lathyrus  eucosmus 

Senecio  actineIJa 

Lathyrus  leucanthus 

Senecio  orizonicus 

LesquereUa  gordoni 

Senecio  bigeJovii 

Ligusticum  porteri 

Senecio  cardamine 

Lithospermum  muJtijlorum 

Senecio  eremophiJus 

Lonicera  spp. 

Senecio  hartianus 

Lonicera  arizonica 

Senecio  Jemmoni 

Lonicera  utahensis 

Senecio  muJtiJobatus 

Lupin  us  spp. 

Senecio  neomexicanus 

Lupinus  argenteus 

Senecio  sacramentanus 

Lupinus  kingii 

Senecio  sanguisorboides 

MoJoxis  soulei 

Senecio  spartioides 

MeliJotus  oj^cinaJis 

Senecio  wootonii 

MirabiJis  oxybaphoides 

SiJene  laciniata 

Monotropa  hypopitys 

Silene  scouleri 

Myosotis  scorpioides 

Sisymbrium  spp. 

Oenothera  hookeri 

Sisymbrium  altissimum 

Opuntia  spp. 

SmiJacina  vacemosa 

Orobanche  cooperi 

Smilacina  ste]lota 

Orobanche  multiflora 

Solidago  spp. 

Osmorhiza  chiJensis 

Stellaria  jamesiana 

Osmorhiza  depauperate 

SteUaria  longi/olia 

OxaJis  aJpina 

Swertia  radiata 

Oxytropis  lambertii 

Taraxacum  laevigatum 

Pachystima  myrsinites 

Taraxacum  oj^cinale 

Pellaea  atropurpurea 

Thahctrum  /endleri 

Penstemon  spp. 

Thermopsis  pinetorum 

Penstemon  virgatus 

Thlaspi  montanum 

Phacelia  magelJanica 

Toivnsendia  exscapa 

PhJox  spp. 

Tri/olium  dubium 

PJiJox  nana 

Urtica  serra 

PoJygaJa  aJba 

Valeriana  spp. 

Polygonum  spp. 

Valeriana  capitata 

PotentiJJa  spp. 

Valeriana  edulis 

PotentiJJa  crinita 

Verbascum  thapsus 

PotentiUa  thurberi 

Vicia  spp. 

Polemonium  delicatum 

Vicia  americana 

Polemonium  foliosissimum 

Vicia  pulchella 

Pseudocymopterus  montonus 

Viola  spp. 

PsoraJea  ienrnjiora 

Viola  canadensis 

2  2 


Appendix  C.  Successional  Status  of  Major  Tree  Species  Within  l-labitat  Types 
C  =  major  climax  species  S  =  major  sera!  species  a  =  accidental 
c  =  minor  climax  species  s  =  minor  serai  species 


 Species  

Habitat  type     Phase  ABLA   PIEN    PIPU    POTR  ABCO  PSME   PIST    PlPO  QUGA  PIED  JUDE 


ABLA/SESA' 

PIEN/ACGP 

PIEN/ELTR' 

PIPU/FROV 

ABCO/ACGR 

ABCO/ELTR' 
ABCO/ACGL' 
ABCO/QUGA 


ABCO/Sparse' 

ABCO/JUMA 

PSME/QUGA 

PIPO/QUGA 
PIPO/QUUN 


0 
0 
C 
c 


ACGR  typic' 
HODU 

HODU 

QUGA  typic' 

HODU' 

FEAR' 

MUVI' 

MUDU 


QUGA  typic 
HODU 

QUUN  typic 

MUDU 

MULO 


a 
c 
C 
C 
0 
C 
C 
C 
C 
C 
0 
C 
C 


S 
a 
a 
a 
a 
S 
s 
c 
S 
s 
S 
S 
S 
S 
C 
0 
0 
G 


'From  Moir  and  Ludwig  (1979). 
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Appendix  D.  Average  Density  and  Constancy 


ABLA/SESA     PIEN/ACGL     PIEN/ELTR     PIPU/FROV  ABCO/QUGA  HT 


Species  HT  HT  HT  HT  QUGA  HODU  P         FEAR  P  MUVI  P         MUDU  P 

and  typic  P 

Sizeclass  (N  =  9)  (N  =  2)  (N  =  4)  (N  =  5)  (N  =  18)  (N  =  7)  (N  =  4)  (N  =  1)  (N  =  2) 


Abies  lasiocarpa 


Yng  regen 

99/100 

3/25 

Adv  regen 

13/100 

6/50 

Mature 

12/100 

1/50 

Picea  engelmannii 

Yng  regen 

24/89 

16/100 

35/100 

2/20 

Adv  regen 

9/89 

21/100 

16/100 

2/40 

Mature 

4/67 

10/100 

6/100 

2/40 

Picea  pungens 

Yng  regen 

3/60 

Adv  regen 

3/80 

Mature 

4/100 

Populus  tremuloides 

Yng  regen 

■ 

7/14 

Adv  regen 

1/25 

3/1 1 

1/14 

Mature 

7/50 

1/11 

2/50 

2/40 

Abies  concolor 

Yng  regen 

9/80 

15/83 

14/100 

Adv  regen 

1/50 

4/80 

8/88 

11/1 00 

Mature 

1/50 

2/80 

3/83 

4/86 

Pseudotsuga  menziesii 

Yng  regen 

3/50 

7/60 

19/100 

25/100 

AHu  TAOPn 
1  cyssi  1 

5/100 

1/25 

11/80 

10/88 

7/100 

Mature 

1/22 

3/100 

9/100 

2/100 

4/77 

1/29 

Pinus  strobiformis 

Yng  regen 

1/50 

4/25 

3/20 

6/72 

13/100 

Adv  regen 

2/50 

3/60 

10/50 

8/86 

Mature 

2/50 

3/27 

1/29 

Pinus  ponderosa 

Yng  regen 

1/20 

5/38 

1/43 

Adv  regen 

8/55 

1/29 

Mature 

1/20 

4/61 

1/29 

Pinus  edulis 

Yng  regen 

2/27 

1/14 

Adv  regen 

Mature 

Juniperus  deppeana 

Yng  regen 

1/22 

Adv  regen 

2/5 

Mature 


6/50 
1/50 


22/50 
3/75 
1/50 

15/100 
10/100 
1/25 

5/75 
3/75 
5/75 


11/100 
13/100 


8/100 
10/100 


11/100 
6/100 


8/100 
39/100 
7/100 


3/100 
6/100 
1/50 

17/100 
13/100 
2/50 

9/50 
8/50 
4/50 

4/100 
8/100 
7/50 


'  Occurrence  of  each  species  in  each  habitat  type  and  phase  is  indicated  by  two  values  separated  by  a  slash.  The 
first  indicates  the  mean  density  (in  percent)  per  plot  for  the  tree  species.  In  all  cases,  however,  the  first  value  is 
the  mean  for  only  the  plots  in  which  the  species  was  present.  The  value  to  the  right  of  the  slash  is  the  constancy 
for  each  species  in  the  habitat  type  or  phase;  it  is  the  percentage  of  the  total  number  of  plots  in  the  group  in 
which  the  species  was  found.  A  dot  indicates  that  the  species  was  not  found  in  a  group. 
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of  Tree  Species  by  Habitat  Type  and  Phase^ 


ABCO/ACGRHT  ABCO/ELTR  ABCO/ACGL  ABCO/Sparse  ABCO/JUMA        PSME/QUGAHT        PIPO/QUGA  PIPO/QUUN  HI  

ACGR        HODU  P  HT        HI,  HODU  P         HT               HI  QUGA        HODU  P  HI           QUUN       MUDU  P      MULO  P 

typic  P  typic  P  typic  P 

(N  =  3)         (N  =  3)  (N  =  4)          (N  =  17)          (N  =  1)           (N  =  4)  {N  =  9)         (N  =  6)  (N  =  2)         (N  =  7)         (N  =  8)         (N  =  2) 


1/33 

3/50 

1/33 

9/100 

46/100 

21/100 

14/100 

9/100 

5/100 

1/67 

2/67 

2/75 

6/100 

7/100 

25/100 

6/67 

4/100 

5/100 

3/100 

3/75 

5/100 

2/67 

6/75 

1/67 

1/33 

8/75 

1/33 

2/67 

1/25 

5/100 

1/25 

7/67 
2/67 

2/33 
1/33 


2/23 

4/29 

1/6 

12/76 

100/100 

12/75 

10/100 

17/100 

4/75 

7/88 

4/100 

5/75 

7/94 

17/100 

1/25 

5/82 

2/100 

4/76 

8/100 

1/25 

2/65 

13/100 

1/47 

8/100 

1/24 

1/6  9/50 
4/75 
1/50 


8/50 


3/50 
1/50 
1/25 


1/17 


24/100 

15/100 

8/100 

15/100 

3/89 

2/83 

11/89 

16/100 

6/89 

9/100 

1/44 

3/83 

5/67 

1/17 

2/100 

10/89 

3/67 

12/50 

2/67 

1/50 

2/50 

19/67 

3/50 

28/100 

1/33 

10/100 

1/33 

1/17 

2/50 

1/17 

2/50 

1/14 


1/14 

1/25 

1/13 

1/57 

3/38 

2/57 

2/50 

1/29 

1/13 

2/13 

1/13 

1/13 

12/86 

19/100 

2/50 

9/100 

28/100 

24/100 

5/100 

1/50 

6/100 

18/86 

11/100 

7/100 

4/86 

4/63 

3/50 

6/86 

24/100 

7/100 

5/86 

7/100 

7/100 

1/57 

1/63 

I 
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Appendix  E.  Average  Cover  and  Constancy  of  Major  Shrub 


ABLA/SESA     PIEN/ACGL     PIEN/ELTR     PIPU/FROV  ABCO/QUGA  HT 


Species  HT  HT  HT  HT  QUGA  HODU  P         FEAR  P  MUVI  P         MUDU  P 

and  typic  P 

Sizeclass  (N  =  9)  (N  =  2)  (N  =  4)  (N=5)  (N  =  18)  (N  =  7)  (N  =  4)  (N  =  1)  (N  =  2) 


Shrut>s 


Acer  glabrum  T/33 
Acer  grandidentatum 
Cercocarpus  montanus 
Holodiscus  dumosus 
Jamesia  americana 
Pachystima  myrsinites 
Physocarpus  monogynus 
Prunus  virginiana 
Quercus  gambelii 
Quercus  grisea 
Quercus  undulate 

Ribes  spp.  3/100 
Robinia  neomexicana 
Rosa  spp. 

SytTiphoricarpos  oreophilus 
Vitis  arizonica 

Graminoids 

Andropogon  gerardi 
Aristida  arizonica 
Blepharoneuron  tricholepsis 
Bouteloua  gracilis 

Bromus  richardsonii  1/100 
Carex  spp. 

Carex  foenea  T/22 
Carex  rossii 
Elymus  triticoides 
Festuca  arizonica 
Koeleria  pyramidata 
Muhlenbergia  dubia 
Muhlenbergia  emersleyi 
Muhlenbergia  longiligula 
Muhlenbergia  montana 
Muhlenbergia  virescens 
Piptochaetium  fimbriatum 
Poa  fendleriana 
Poa  pratensis 
Schizachyrium  scoparium 
Sitanion  hystrix 
Stipa  spp. 
Stipa  pringlei 

Trisetum  montanum  2/100 

Forbs 

Achillea  millefolium 

Antennaria  parvifolia 

Aquilegia  elegantula 

Artemisia  frigida  T/56 

Artemisia  ludoviciana 

Brickellia  grandiflora 

Campanula  rotundifolia 

Chaptalia  alsophila 

Clematis  pseudoalpina 

Clematis  ligusticifolia 

Cystopteris  fragilis 

Dugaldia  hoopesii 

Erigeron  spp. 

Erigeron  macranthus 

Erigeron  platyphyllus 

Erigeron  superbus  4/100 

Eriogonum  jamesii 

Fragaria  bracteata 

Fragaria  ovalis  T/33 


T/50 


T/100 

T/50 

4/50 


T/50 


T/50 


2/50 


5/75 
3/75 


3/50 


20/60 


6/80 


T/20 
1/80 


1/60 

T/40 
T/20 


2/100 


T/25 


T/75 
20/50 


1/100 
T/40 


T/100 


2/100 


T/75 


T/25 


1/40 
30/60 


3/80 

1/60 
1/60 


T/50 

T/50 
T/100 


T/25 

T/50 
T/75 


2/80 

5/20 
T/40 


1/80 


T/5 
T/5 
1/28 
4/33 


7/5 
3/5 

17/100 

T/5 

7/39 

T/44 

T/28 

T/39 


2/89 
T/5 

T/28 
2/11 
T/33 
T/39 


6/5 

1/17 

T/11 

1/67 
T/5 

T/44 
T/11 


T/22 


1/11 

T/44 

T/17 

T/5 

T/5 

1/11 

T/5 

T/5 

1/22 

1/28 

T/17 

T/22 

T/33 

T/5 


1/29 

12/100 
T/14 


T/29 
13/100 


T/28 
T/43 
T/29 
1/86 


3/86 
T/14 


T/14 


T/14 
T/14 


T/29 


2/14 

T/43 
T/14 

T/71 

T/43 
T/43 
T/71 
T/29 

T/29 


2/14 

T/43 
T/29 


T/50 

T/25 
26/100 


T/25 
T/75 
T/75 
T/25 


T/25 

T/50 

2/100 

6/75 
T/50 

1/75 

2/75 


T/50 
1/25 


T/25 


T/75 


20/100 


11/100 

T/50 


2/100 


T/100 


T/100 


1/50 
3/50 


1/100 


T/50 


T/50 
2/50 


10/100 


3/50 


T/25 
3/50 


^Occurrence  of  each  species  in  each  habitat  type  and  phase  is  indicated  by  two  values  separated  by  a  slash. 
The  first  indicates  the  mean  coverage  (in  percent)  per  plot  for  the  shrubs,  grasses,  and  forbs.  In  all  cases, 
however,  the  first  value  is  the  mean  for  only  the  plots  in  which  the  species  was  present.  The  value  to  the  right  of 
the  slash  is  the  constancy  for  each  species  in  the  habitat  type  or  phase;  it  is  the  percentage  of  the  total  number  of 
plots  in  the  group  in  which  the  species  was  found.  In  cases  where  a  species  had  less  than  1  %  cover,  T  is  used  to 
the  left  of  the  slash.  A  dot  indicates  that  the  species  was  not  found  in  a  group. 
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and  Herbaceous  Species  by  Habitat  Type  and  Phase' 


ABCO/ACGR  HT 

ABCO/ELTR  ABCO/ACGL  ABCO/Sparse  ABCO/JUMA 

PSMBQUGAHT 

PIPO/QUGA 

PIPO/QUUN  HT 

ACGR 

HODU  P 

HT 

HT,  HODU  P 

HT  HT 

QUGA 

HODU  P 

n  1 

Al  II IKJ 

ui  ini  1  D 

ill  II  ^  D 

MULU  r 

typic  P 

typic  P 

typic  P 

(N  =  3) 

(N  =  3) 

(N  =  4) 

(N  =  17) 

(N  =  1)           (N  =  4) 

(N=9) 

(N  =  6) 

(N  =  2) 

(N  =  7) 

(N  =8) 

(N  =  2) 

11/94 

1/17 

4/100 

22/100 

T/18 

T/25 

T/50 

T/33 

T/1 7 

T/50 

T/1 4 

T/25 

7/100 

T/100 

13/94 

5/100 

3/100 

8/75 

5/47 

T/33 

T/24 

T/1 7 

T/33 

1/29 

T/100 

T/1 7 

■ 

2/67 

1/41 

1  /DU 

T/1 1 

T/1  7 

7/14 

1/100 

O/IIXJ 

1/ lUU 

l/lUU  I0//0 

14/lUU 

^1/1 UU 

10/100 

1/29 

T/1 3 

1/16 

5/43 

T/1 3 

• 

11/57 

2/75 

13/100 

5/33 

1//0 

TWO 

1  /4/ 

1  /DU 

1  /oO 

1  /OO 

1  lb 

T/OO 

T/1 7 
1  /  I  / 

T/33 

1/33 

T/53 

1  l^d. 

1  /OO 

T/22 

1/63 

T/1 4 

T/'Vt 

1  /OO 

1  /CKJ 

T/50 

1/11 

T/50 

T/43 

T/1 3 

3/100 

1/33 

3/100 

5/100 

7/100 

T/25 

T/67 

2/100 

T/1 3 

T/100 

T/12 

1/22 

1/100 

T/29 

T/1 3 

15/25 

2/18 

1/75 

T/12 

T/11 

29/100 

T/25 

T/100 

1/50 

T/6 

T/33 

2/100 

T/29 

T/38 

T/11 

5/71 

5/100 

1/50 

T/1 4 

3/63 

1/11 

15/100 

4/100 

1/11 

T/1 4 

2/88 

27/100 

l/oo 

1  /A 
1/D 

1  /ou 

X/R7 
1  /D( 

1  /OO 

1/100 

2/71 

I/10 

o/^O 

T/1 7 
I  /  1  / 

T/1 4 

• 

T/50 

T/57 

2/75 

l/OU 

2/25 

2/100 

1/43 

T/38 

T/100 

T/22 

T/50 

T/1 4 

l/OO 

1  /T3 
l/OO 

T/A7 
1  /Of 

1/14 

T/1 3 

T/OC 

T/OQ 

I/IUU 

T/25 

T/29 

T/22 

T/100 

T/29 

T/33 

1/59 

T/1 7 

1/53 

T/33 

T/1 7 

T/1  no 

T/1  "3 
1  /  1  o 

T/100 

T/33 

T/18 

T/50 

T/56 

T/33 

1/50 

T/33 

T/12 

T/44 

T/50 

T/33 

T/33 

T/25 

T/59 

T/1 7 

T/33 

T/12 

T/33 

T/67 

T/67 

T/41 

T/11 

T/67 

T/18 

T/33 

T/12 

T/33 

1/33 

T/6 

T/25 

T/56 

T/1 7 

T/1 4 

T/25 

T/22 

T/1 7 

2/100 

T/1 4 

T/100 

T/50 

T/6 

T/22 

T/1 7 

T/33 

T/67 

T/50 

T/71 

T/100 

T/11 

T/33 

T/100 

T/6 

T/25 

T/22 

T/33 
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Appendix  E.  Average  Cover  and  Constancy  of  Major  Shrub 


ABLA/SESA     PIEN/ACGL     PIEN/ELTR     PIPU/FROV  ABCO/QUGA  HT 


Species  HT  HT  HT  HT  QUGA  HODU  P         FEAR  P  MUVI  P         MUDU  P 

and  typic  P 

Sizeclass  (N  =  9)  (N  =  2)  (N  =  4)  (N  =  5)  (N  =  18)  (N  =  7)  (N  =  4)  (N  =  1)  (N  =  2) 


Forbs  (continued) 

Galium  boreale 

Geranium  caespitosum  T/50 

Geranium  richardsonii  T/56  T/50 
Heuchera  parvifolia 
Hieracium  fendleri 
Iris  missouriensis 

Lathyrus  arizonicus  4/50 

Ligusticum  porteri  T/100  T/100 

Lithospermum  multiflorum 

Osmorhiza  depauperata  2/89  T/50 

Oxalis  alpina 

Penstemon  spp. 

Pseudocymopterus  montanus  2/67  T/100 

Pyrola  secunda  T/78  T/50 
Senecio  neomexicanus 
Senecio  sacramentanus 

Senecio  sanguisorboides  7/100  1/100 
Senecio  wootonii 

Smilacina  racemosa  T/100 

Smilacina  stellata  T/33  T/50 

Stellaria  jamesiana  1/50 

Thalictrum  fendleri  .  T/100 
Valeriana  spp. 
Valeriana  capitata 
Vicia  americana 

Viola  canadensis  T/78  T/100 


T/25 

T/25 

T/25 
T/25 

T/50 


T/50 
T/25 


1/20 
1/60 
3/60 
T/20 

1/80 
1/80 


5/20 
1/80 


T/40 
2/20 
15/20 


T/33 
T/55 

T/5 
T/5 
T/5 
T/33 

T/11 

T/5 
1/6 
T/22 

T/11 


T/11 

T/5 

T/17 

T/11 

2/61 


T/17 


T/71 
T/29 

T/28 

T/14 
T/29 


T/14 
T/57 


T/14 
T/14 
T/71 
T/43 
T/86 
1/28 
T/28 
T/14 


T/50 

T/25 
T/25 


T/50 


T/100 


T/50 


1/25 
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and  Herbaceous  Species  by  Habitat  Type  and  Phase^— continued 


ABCO/ACGR  HT  ABCO/ELTR  ABCO/ACGL  ABCO/Sparse  ABCO/JUMA  PSMBQUGAHT       PIPO/QUGA  PIPO/QUUN  HT  

ACGR        HODU  P  HT        HT,  HODU  P         HT               HT  QUGA        HODU  P  HT           QUUN       MUDU  P      MULO  P 

typic  P  typic  P  typic  P 

(N  =  3)         (N  =  3)  (N  =  4)         (N  =  17)          (N  =  1)           (N  =  4)  (N  =  9)         (N  =  6)  (N  =  2)         (N  =  7)         (N  =  8)         (N  =  2) 


T/100 

T/33 
T/67 


T/67 

T/33 
T/33 
T/67 

T/33 


T/33 

1/33 
T/67 

T/33 

T/33 


T/67 
T/33 

T/33 
T/33 

T/100 

T/33 
T/33 

T/67 
T/33 


T/75 


T/25 
T/50 


T/25 


T/25 
T/75 


T/41 
T/35 
3/6 
1/6 

1/18 

T/29 

T/12 

T/6 

3/12 

1/12 

T/41 

T/6 

3/29 

T/12 

T/6 

T/53 

T/18 

T/47 

1/100 

1/18 

1/12 

T/6 

1/59 


T/100 


T/25 
T/50 


T/25 
T/25 
T/75 


T/100 


T/25 
T/25 
1/100 

T/25 


T/67 
T/67 
T/22 

T/44 

T/67 
T/33 

T/44 
T/11 


T/11 
T/67 
T/22 

T/11 
T/33 


T/67 
T/83 
T/33 


T/67 


T/17 

T/50 
T/100 


T/67 

T/33 

T/67 

T/33 

T/100 

T/67 


T/17 


T/50 
T/100 


T/100 
T/100 


T/29 


T/71 


T/13 
T/13 

T/25 
T/100 


T/50 
T/50 

T/50 


T/50 


T/57 


T/25 
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U.S.  Department  of  Agriculture 
Forest  Service 

Rocky  Mountain  Forest  and 
Range  Experiment  Station 

The  Rocky  Mountain  Station  is  one  of  eight 
regional  experiment  stations,  plus  the  Forest 
Products  Laboratory  and  the  Washington  Office 
Staff,  that  make  up  the  Forest  Service  research 
organization. 

RESEARCH  FOCUS 

Research  programs  at  the  Rocky  Mountain 
Station  are  coordinated  with  area  universities  and 
with  other  institutions.  Many  studies  are 
conducted  on  a  cooperative  basis  to  accelerate 
solutions  to  problems  involving  range,  water, 
wildlife  and  fish  habitat,  human  and  community 
development,  timber,  recreation,  protection,  and 
multiresource  evaluation. 


RESEARCH  LOCATIONS 

Research  Work  Units  of  the  Rocky  Mountain 
Station  are  operated  in  cooperation  with 
universities  in  the  following  cities: 


Albuquerque,  New  Mexico 

Flagstaff,  Arizona 

Fort  Collins,  Colorado* 

Laramie,  Wyoming 

Lincoln,  Nebraska 

Rapid  City,  South  Dakota 

Tempe,  Arizona 


•Station  Headquarters:  240  W.  Prospect  St.,  Fort  Collins,  CO  80526 


